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EQUIPMENT 


At the teft is shown Cley Gur being installed on 
@ lerge electric furnace. These guns. which howe been 
standerd blest furnace equipment tor mony years, now 
offer the same unique safety end performance cherac 


teristees for clectrie furnace operations 


CLAY GUNS 


.. Unfailing Performance On 


Double shot? design 


with rope drive 


Electuce Furnaces 


Well As BLAST FURNACES PUG MILLS 


FOR SINTERING PLANTS AND 
werful Bailey Clay Gun now is SLAST FURNACE DUST CATCHERS 


best results and safety in plug 
of large electric fur 
proved over many 
service, this gun 
motor-driven screw 
the piston pressure 
long and uniform ALSO PRODUCERS OF 
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BRINGS AND 


to STEEL MILL 
OPERATIONS 


Recognized throughout the iron and steel 
producing industry for dependability and 
highest quality, Bailey equipment meets 
the vigorous requirements of many vital 
operations. Some of the principal items 
of Bailey equipment are shown on these 


pages. 


MECHANICAL 
TYPE 


Bailey Goggle Valves provide a 
tight, positive seal for shutting off 
gas mains in emergencies or for 
operate by a powerful 
which is applied 


repairs. They 
clamping force 
equally at all points around the disc 
periphery. Regardless of time be 


tween operations, they open or 
close instantly. Sizes from 6” to 


72'', totally enclosed if desired 


THERMAL 
EXPANSION TYPE 


The 


Bailey Thermal Expansion type Goggle 


Valve is operated by the linear expansion and 
contraction of the three sets of tubes spaced 


arou 
passed in 
tubes trees the 


nd the ngid steel flange 


When steam is 
to the tubes, thermal expansion of the 
goggle = ite. When the steam is 
ontraction closes the flanges against 


the goggle plate. Diameters of 36 20" 


PITTSBURGH 16, PA 
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CHROMIUM... key metal for strength, 
corrosion resistance, and heat resistance 
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Available Alloys 


Improves Heat Resistance 
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If you are a victim of the machine tool 
situation, you'll find that Electro Spe- 
cific Purpose Grinding Wheels in your 
older machines, will largely offset 
obsolescence. 

The heart of any grinding machine is 
the wheel; and super-efficient wheels 
can help you get by until the machine 
tool situation eases. 


The technicians in our chemical and 
engineering laboratories will, if neces- 

sary, Originate special wheels to meet your 
requirements, 

They have complete latitude as to kinds of 
abrasives and types of bonds. We'd like to 
apply this total freedom in materials and 
methods for gains to you in quality of output, 
saving in time and lower costs. 

May we, at our risk, send a Field Engineer to 
consult with you within the next few days? 


Refractories Abrasives Crporation 
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Johnston Cinder Pots, with curved 
sidewalls, are bullt so thet there is 
ne distortion in the critical heat 
tone—the middie third of the pot. 
Left pot is 400 cy. ft. capacity, right 
pot, 75 cu. 


48 


decrease 
slag disposal 


Corrugations provide 
maximum cooling sur- 
face area, heip dis- 
chorge skull without 
rapping. 


Two 425 cu. #. capacity 
oblong Johnston Cinder 
Pots mounted on dingey 


The long, uvsetyl life 
of Johnston Cinder O 
Pots results from 
long application ex- 
perience, 
| 
| 
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| 
| 
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... because JOHNSTON CINDER POTS are engineered for 
increased heat-hours of service and faster turn-around time! 


Performance records for Johnston Cinder Pots have 
and open hearth 


been established blast furns 
operations throughout the country, because Johnston 
Pots are designed for each job by experienced engineers. 
Hereare two examplesof how thisengineering constantly 
improved Johnston Cinder Pot performance: 


JOHNSTON CORRUGATED POTS with the expansible rim 
100 eu. ft.) averaged 8.500 round trips in actual prae- 
tice. against the expected 1,000 round trips at one plant. 


MODERN, OBLONG, FLAT-BOTTOM POTS designed |to 


utilize existing tunnels) resulted in a LOO’) increase of 


capacity over older type pots. 


FEATURES OF JOHNSTON CINDER POTS INCLUDE: 

I. Expansible rims allow pots to retain shape under 
severe service conditions. 

Corrugated walls permit rapid heat dissipation, and 
help eliminate firecracking and wall checking. 


w 


. Patented construction prevents wall sag in slag- 
filled pots. 


1. Johnston Pots are repairable if damaged in service. 


For maximum service, for minimum costs of slag dis- 
posal, check with Mack-Hemp. Johnston Slag Handling 
Equipment Specialists have had much experience in 
the design and production of Cinder Pots, a valuable 
background of information you'll tind most useful. To 
keep up with the latest developments in) Johnston 
Cinder Pots, watch what's new at Mack-Hemp., 


PITTSBURGH & MIDLAND, PA, 


MACKINTOSH-HEMPHILL PRODUCTS INCLUDE: rolls . 


Mackintosh-Hemphill rotary straighteners . 


strip mills... heavy duty engine icthes 


rugoted cinder pots and slag-handling equipment . . . shape straighteners . . . end-thrust bearings .. . shears . . 


. . steel and special alloy costings ... completely integrated 


improved Johnston patented cor- 
levellers. 
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Induction Melting Furnaces- 


A Modern Tool for Industry 


Here 15 a new too! tor melting metal Something that 


can concentrate enormous power im a small space 


Something that can be adapted to accurate pouring, to 


precise temperature control, to mert gas protection, to 


high grade refractornes A tool that can be used for 


all existing non ferrous metals and alloys 


AJAX turnaces paved the way for continuous casting 
processes which lay dormant in old patents of farsighted 
inventors who thought ahead of their times. Junghans 
with the help of the AJAX furnace, developed his con 
tinuous casting process at the Wieland Works in Ger 


many betore the last World War 


Scovill pertected the Junghans process in this country 
and «s using AJAX SCOMET furnaces of unprecedented 
size for melting, as shown in painting above. Nichols 
Wire G Aluminum Company used the first commercial 


Properz: machine for continuous production of aluminum 


wire from molten metal delivered by AJAX furnaces; U.S 
Metals Refining Company is using AJAX-SCOMET fur 
naces for continuous casting of oxygen-free copper. Cleve 
land Graphite Bronze Company produce their famous 
stock for steel backed copper-lead bearings exclusively 
in AJAX melting furnaces. AJAX furnaces are used in 
many plants and research laboratories for continuous 


bonding aluminum to steel 


AJAX made the first furnace for galvanizing steel in 
a refractory lining with accurate temperature control 
AJAX furnaces were instrumental in the realization of 
modern squirrel-cage aluminum rotor production. AJAX 
supplied the first commercial automatic pouring device 
tor die-casting machines 

These few examples show how AJAX induction furnaces 
can be applied to modern manufacturing methods. Write 


us tor further information 


AJAX ENGINEERING CORP., TRENTON 7, N. J. 
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sensitive to 


ure molybdenum ts 
oxygen at the temperature it 


ler heat that melts the strong- 


up un 
st steels, but if there's oxygen in it 
the advantage vanishes 


nto a half- 


ductile 


molybdenum 

The molybdenum turns out malle- 
able and ductile because Airzh vacuum 
gets rid of the injurious oxvgen 

Why lon't they just 
use an inert gas? Bear in mind that at 


you may ask 


the high vacuum under which these 


operations are carried out (20 microns 
Hg) oxygen content 1s equivalent to 


at atmospheric pres 


about 0.0026 


ure. Inert gas pure enough and in 
sufficient quantity to dilute atmos- 
xygen to this level would be 
A oil ejector 


pump, uniquely economical to oper- 
ate, creates the vacuum tn the sizable 


pheric 


staggering in cost 


space needed for the whole series of 
continuous operations and gets rid 
of the gases evolved 

In supplying equipment for high 
DP: pools its 


vacuum metallurgy 


high vacuum research and engineering 


vitamins A and E... distilled monoglycerides 


High vacuum 
develops muscles 


for “moly” 


diversified experience in high 
vacuum technology with the expert 


ence of leading manufacturers of 


metallurgical furnaces 
In many other fields, too, where 


high vacuum processing has earned a 


DPi stands ready to help 
vital details that add 


useful role 
you with th 
up to efficient, profitable production 
Write to Distillation Products Indus- 


tries, Vacuum Equipment Depart- 
ment, 607 Ridge Road West, Roch- 
ester 3, N. Y. (Division of Eastman 


Kodak Company 


. more than 3500 Eastman Organic Chemicals for science and industry 
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gines, rockets, and other equipment -* 
need the pure metal | t stand PO : 
nc pu ij i 
High vacuum solves the problem 
Climax Molybdenum Company of : 
Detroit, Michigan, hydraulically 
ympresses pure molybdenum powder 
and sometimes molybdenum chips Po 
sintered into a crude stick which 7 
serves as a consumable electrode in : 
an arc. The molten metal ts caught in a 
a pool which serves as the other clec- a 
trode while it builds up 
ton ingot of malicable, 
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When Working 
with 
High Vacuum 


Select the equipment to fit the job from 


the complete line of National Research 


Vacuum Equipment 
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Special 
Equipment 

| and Plant 
Installations 


HIGH VACUUM 


V250 Rotary Condenser A typ cal proc 
essing uniting large, high vacuum plant 


which we designed and but 


Vacuum Fusion Gas Analyter Anolyres 
including titanium 


metals and alloys 
for combined or dissolved oxygen, nitro 
gen, and hydrogen 


This is only a part of the com 
plete line of National Research 


equipment Our equipment is de 
signed to fulfill practical perform 
once requirements of vacuum 


equipment users. 


j Gain the benefits of the high stand- 


} into all National Research products. 


ards of practical performance built 
| Write us for further details 
= 


National Research Corporation 


Equipment Division 
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Metallurgist, recent te t t 


Production Manager 
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Junior Sales Engineer 
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National Research Corporation 


An HOUNCES 


Vacuum Metals Corporation 
has been formed to supply spe 
cialty metals and alloys for appli- 
cations of high performance in 
terms of physical, chemical 
electrical properties 

Vacuum melting techniques 
developed by National Research 
are used to produce metals of 
higher purity and alloys held to 
closer composition tolerances 


than ever before achieved com- 


mercially 


by National Re- 


} 


Orga 
search as a wholly-owned 


tary, Vacuum Metals orporation 


now has facilities for vacuum 
melting more than five tons per 
day of metals such as copper, 
nickel, molybdenum or iron 
The unique properties of vacu- 


um melted pure metals and alloys 


are particularly useful in applica- 


uons such as electronic and elec 
trical parts, magnetic materials, 
bearing materials, diaphragms, 
instrument components, labora- 
tory standards and Atomic En- 
ergy projects 

Write to us for further infor- 


mation about our facilities 


VACUUM METALS CORPORATION 


Subsidiary of National Research Corporation 
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CAMBRIDGE 42, MASSACHUSETTS 
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a Plentitul Source of RARE EARTHS is 


to the MOA Family 


RARE FARTH" materials, which have commanded 
great and growing interest even as imported trom 
foreign sources, can now be produced in abundance 


within the United States. 


The Molybdenum Corporation is able to report that 
highly modern facilities are being installed and rapid 
growth provided for. Technical research, looking 
toward new and better employment of these materials, 
extensive and will continue. Consultation 


has been 


with present or prospective users is invited. 

As a supplier ot Molvbdenum, Tungsten, Boron, and 
other alloying materials, the Molybdenum Corpora- 
tion welcomes correspondence on any applicauon 


or requirement, 


Production, American Distribution, American 


Control, Completely Integrated 


AMERICAN 


Pittsburgh, New York, Chicago, Cleveland, Detroit, 


Los Angeles, San Francisco 


Offices 


American Steel and Supply Co., Chicago; 


Los Angeles, 


Sales Representatives 

Edgar L. Fink, Detroit; Brumley-Donaldson Co., 
San Francisco 

Creneral 


N.}. 


Swhsadiarrves: Cleveland-Tungsten, Inc., Cleveland, © 


Tungsten Manufacturing Co., Inc., anion City 


Works: ashingtwon, Pa.; York, Pa. 


CORPORATION OF AMERICA 
Grant Building Pittsburgh, Pa. 
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for every requirement 


Every of ctee 

your selection of the heat the specie 


life cock 


HARBISON-WALKER REFRACTORIES COMPANY 


AND SUBSIDIARIES 
World's Largest Producer of Refractories 


General Offices: Pittsburgh 22, Pa. 


APRIL 1952, JOURNAL OF METALS—345 


= 
hat 


THE. 
HEVI DUTY FURNACES 


more PRODUCTION + LESS *DOWN-TIME” 
REJECTS ° RESULTS 


vager of 

» uni 

Hev ) Pit 

eat treat large air 
$ adequate to 


ments 


These special pit type furnaces with a work space of 48" x 156" 
are typical of furnaces designed and built by Hevi Duty Electric 
Company to solve unusual heat treating problems. 

The Hevi Duty return bend type heating elements are zoned 
to provide uniform temperatures in the entire depth of the work 
chamber. 

For more information on how Hevi Duty Pit Type Furnaces 
can help you 

Write for Bulletin HD-1245 


HEVI DUTY ELECTRIC EXCLUSIVELY 


TYPE TRANSFORMERS ONSTANT CURRENT REGULATORS 


MILWAUKEE 1, WISCONSIN 
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Industrial Notes . . 


Subestar 


e General Electric Co., is building 
a cold strip steel mill drive de 
signed to operate a five-stand tan 
dem mill at a top speed of 79' 

mph for the Fairless works of the 
U.S. Steel Co. at Morrisville, Pa. 
The Fairless works will be the 
largest integrated steelmaking in- 
stallation to be built in less than 
two years time. It has a planned 
capacity of 1,800,000 ingot tons of 
steel per vear. The plant will also 
be equipped with a 1000 fpm an- 
nealing line and one of the largest 
annealing furnaces ever built. Use 
of amplidyne regulators for auto- 
matic tension control, loop posi 

tion and overspeeding will permit 
the 300 ft long line to be operated 
by only a few men. 


OF savings in copper 
muilti-millioz folla expat 
ra tarted by the Superior 
Steel Corr Carnegie, Pa 
opper al lad steel rather thar 
gilding tal in the produ 
f bullet wket The 
nt effort t U’ ~ 
Ordnance and Buperice Steel, end 
vddit nal 4000 tor pe ‘ 
a Research by Ernst Pohl, Germar 
ter metallur iv make itr ble 
—= its to be used for stee ind 1 
j i ron production. Coal deposits of 
e in Australia are fw 
— - fe r grade. Su ir methods for 
their use have been developed i 
} 
Mr. W. Krueger, Ope 
Cleveland Pne stic 7 
ef mes ws $ 
pings at heats and 
meet the exacting require 
e Four additional open hearth fur 
naces and a blast furnace will be 
f placed in operation by immer bs 
the Steel C f Canada, Ltd r 
connection with its $50 million ex 
par n progran The new unit 
will add 1400 ingots per day t 
production 
: e Beginning of operation of the 
first of two new smelting lines at 
; the Aluminum C f America 
HEVI DUTY ELECTRIC COMPANY 
2 Lavaca, Lexas, t ight the plants 
MEAT TREATING FUR ty ta 1251 
ey I U. S. Gov 
ca ri the itput f the tw line 
146. 
.* 


llion when 
ill production ts reached. Power 
plant capacity is expected to rise 


t bout 200,000 


000 KW abou 


the 120 in the origi 


riginz 
new units have 9 pct greater out- 


put per engine Two new alumi- 
nur melting plants, at Wenat- 
chee, Was} ind Rockdale, Texas 

e al inder construction by 


Alcoa 


© Production of a precision-type 
grinding wheel for the automotive 
and machine tool industries will 
be carried on in a new plant at 
Lackawanna to be built by Electro 
Refractories & Abrasives Corp 
Expenditures for the plant will 
lift to almost $2 million the amount 
spent for expansion since 1947. The 
new product will be a vitrified clay 
bonded wheel 


for i I aircraft 
parts are ded in the plan 
One hydraulic pre with a 35,000 
it tir be nine torle } } 


and will be 
nthe nat n. The econd will have 


1 25,000 Ib rating 


e Kropp Forge Co., of Chicago, has 
succeeded in developing  tech- 
niques for the production of ti- 
tanium forgings in shapes and 
designs required by industry and 
defense. Bar forgings are being 
produced in quantity with excel- 
lent surface finishes. 


e The Erie Mining Co. is consider 


ing a development in Minnesota 


{ I juct t ip to 10,900,000 tor 
i ially of tron ore pellets fro 
taconite. An application for a cer 
tificate f necessity on a bas f 
the estimated maximum has been 
filed with the Defense Production 
Administration. The cost has been 


set at about $300 million. The pr 


Versa y Costiness 


Photomicrography 


Photomacrography 

A highly versatile, yet inexpensive combination. Indispensable for : 
routine photomicrography or photomacrography, with Micro- 
Summar lenses. For plates and cut films 3% x 4% inches, black - 
and white or color. Accessories available for varied requirements, a 

MAIVb 

| 

Camera 
Direct vision reflex housing 7 
for grain counting 
Vertical camera with bellows of 50 cm. ie 
Simplified time and instant us shutt 7 
Rack and pinion for lens panel - 


Light-tight connecting sleeve 
for microscope 


with 
BMe 
Metallurgical 


Microscope 


Built-in illumination 
Large, modern stand 
Rack and pinion coarse focusing . 
Micrometer fine adjustment on double ball bearings iG 
Interchangeable large, square mechanical stage 7 
adjustable vertically by rack and pinion , 
Dovetail slider for interchange of tubes we 
Large vertical illuminator with ze 
compensating prism and plane glass 4 
Write to Dept. Micro 1064 JM - 
E. LEITZ, Inc., 304 Hudson Street, New York 13, N. Y. : 
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line will be finished soon. Smeltir P 
facilitic ire being perated 
+) ise ‘ natura pas Ga 
cor imptior expected t rise 
fror the present 30 mil n cu ft 
kw. Seventy-four new N iberg 
radial gas engines are being in- 
stalled to supply electricity for 
the new potline n addition to 
e Work nanew $17 million alu 
minum forging plant at Newark 
Ohi cheduled to begin in the 
pring. The plant will be built t 
the Air Force and operated 
by Kaiser Aluminum & Chemical 
| 
a 
' 
« \ 
a 
4 
gram calls for construction of a 
plant on the Mesabi Range north- 
east of Aurora, Minn. The initial 
init expected to have a capacity 
f at least 5 million tons and would 
take four or five vears to build 
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Fireside Incident 
thre ther evening idder ke up enoug! 
t yu What that ‘ la ere ye 
tearing it f the ivertising page 
#&§ ‘ the _ x0 of Life in ord to get at the ead 
tt nd picture That iliy he said, “and any 
t t of \ i ilar ind i are alwa i 
it that vhat i need rt B it il Kind 
‘ ertisir lifferent. For one thir not all 
xed p with the irt t t listract the read 
Hantins And for another thi ntair lot 
j ‘ ent i nervy w we were operati 
t ‘ t i be ir r interest t ‘ i 
. N take these 42 page t ‘ ist torr it 
Fifteer the re tha ne 1 are advert 
t est ve vere queried 
~ ipt rd beca ‘ ‘ tocked ve re 
ed And ue dye ‘ +) } ind ‘ 
noted for their qu netance 
‘ ‘ te ted t sivert xture Ke 
eo 70 pet a } j ild neve 
* ¢ n the ad. The i never met 
t Then there are four t f garette 
ortiais and it ist be ten ve nce we smoked 
: ette. And if we did take up the bit we doubt 
| t ivert ‘ ent iid ve i | ‘ it 
‘ ke the best. We ispect t it not ly 
ett Kir ibit but that the brand one 
. ke equ abit 
nk I back eey Tha i are 
nd while e were thinking about 
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48 OURNAL OF METAL APRIL 2 


Site of Bosic Refractories plant expansion at Maple Grove 
y equipment 


ore being erected. Photograph taken Jan 25, 1952 


crete piers on which the 


Close-up of twelve massive cor 
two 390-foot-long rotary kilns will rest 


As steel grows... 


Io improve on an old saying, “‘as steel grows, 


so grows the nation”. And as steel grows, so 


must grow the basic refractories industry. 


At Maple Grove, Ohio, Basic Refractories is 


expanding its capacity to produce dead-burned 


Steel kiln shells, trunmions and tires, delivered ot the site 
early last winter, are now (mid-March) being positioned 


dolomite. Two new rotary kilns, larger than 


122 feet high, tallest of its 
ast December 


those you see in operation above, will soon ee ees 


kind, erected in an 8-day period 


double our output of Magnefer and Syndolag. 


Paste Re f waclortes Gree ifte waled 


845 HANNA BUILDING, CLEVELAND 15, OHIO 
Pxclustve Agents m Canada 
IND SOCPPLILS, LTD... Hamilton and Montreal 
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NICKEL ALLOY IRONS 


develop improved properties 


’ KAY is, Structurally, a steel matrix con- 
tuning graphite tlakes. Engineering, physical, pro- 
cessing and service properties are wholly depen- 
dent upon the character and disposition of these 


flukes, and upon the nature of the matrix 


The matrix of nickel alloyed trons closely re- 
sermbles the matrix tound in high carbon 
steels, whereas the matrix of ordinary plain tron 
resembles that tound in low carbon steels. Com- 
positions of omkel alloy trons can be adjusted to 
reduce “chill” in thin seetions without risk of form- 
ing “spongy” regions in heavy sections. This pro- 
motes unthorm strength, improved machinability, 


pressure tightness ind wear resistance 


tHlardness im nickel cast trons results from im- 
provement of the matrix Chilled areas and hard 
carbides, which impair machinability, are obviated 
Nickel improves response to heat treating. In fact, 
use of nickel alone or with other alloying elements 
plays an uppertant part im meeting a variety of 


requirements 


lecordinely nickel alloyed trons permit pro- 
duction of castings with high levels of the following 
properties 


Strength 


Tensile and transverse strengths of castings are 
greatly mereased by the addition of nickel to cast 
irons of properly adjusted base mixture. The ratio 
of compressive strength to tensile strength is re- 
tuned. Greater uniformity of strength in thick and 


thin seetrons whieved 


Viease send me booklet entitled. “Guide to the Selection 


plus all the basic advantages of plain cast iron 


Elasticity 


Ihe elastic modulus increases with strength. In 
this respect nickel-containing irons of the high 
strength type possess good stifiness and do not de- 
form permanently under loads that would be dam- 
aging to irons of lower elastic modulus. 


Damping Capacity 
The damping capacity inherent in gray cast iron is 
not impaired by the presence of nickel. 


Wear Resistance 


The uniformly pearlitic matrix of nickel cast irons 
appreciably improves wear resistance. The uni- 
formly fine graphite flake distribution, achieved in 
suitably processed trons without formation of a 
poor wearing dendritic condition, atlords optimum 


resistance to wear and galling. 


Pressure Tightness 


Characterized by dense grain structure and fine 
dispersion of graphite throughout, nickel alloy 
irons are close-grammed and offer an extraordinary 
degree of pressure tightness under high hydrosta- 
tic pressures, without sacrificing machinability. 


Applications 


Heavy machinery frames and heds are typical of 
cast parts that benefit trom the rigidity and good 
damping capacity of nickel cast irons. Cylinder and 
pump liners, gears, dies, machine tool ways, saddles 
and tables exemplity parts produced in nickel irons 
to assure greatly increased strength and wear re- 
sistance. And nickel alloyed iron is used for heavy 
duty brake drums to resist heat checking, thermal 
shock, wear and galling. The nickel cast irons are 
readily heat treated, and respond particularly well 
to flame and induction hardening. 


THE INTERNATIONAL NICKEL COMPANY, ING. siwvorx's. x 
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Petween 10 and 20 pet more sound steel per ingot tes been obtained through e new 

method for pouring ingots cf high speed steel. The process 453 developed by : 
Willism Jessop & Sous, Sheffield, Englend, in association with the British : 
Iron & Steel Research Assn. A tile of heat resisting materiel] is inserted into : 
the feader heed, from which e cooling ingot drews molten steel to avoid piping 7 
om cavities. The technique may be applicable to pouring lerger ingots than a 
those used for special steelse——~ 


corper-cebelt orebocy, expected to produ 16,000 long tens of end 
500,000 of cobalt snnuslly by 1956. The cepacity of the sent company’s 
electrolytic 2 will be inore sed to 72,000 tons ennus lly. by 1954. A 

ns ie expected by 1956. If the cobelt cemend : 


milling of 340,000 ‘to 
stufulire B 


with an snnucl] production 
00 1b of cobalt. 


The end Vetels isory Poerd of the National Fesesreh Council is recommende 
ing the further inves Sige stion and use of pews methods, electrolytic, 
Ss to conserve diamond 


electroesrarking, elec ctro-arcimg, end ultrss 


ternational Trade and Industry binistry hes pertially lifted the eaport 
ban of ferronangenese in view of prospects for incressed production 


slags in a 


+ furnace may give way to pyrometelilu reicel recovery metiods now being 
ited by the Buresu. Capitelizetion costs on the installation of the 


The Pureau of Mines process for recovering mengenese fron cpen heert! 


stig 
blest furnace netanes will depend on whetber coke oF entLracite cosl can be a 
used es fuele A COKE “Plent woule heevily to initiel] costs. 


produced cw during Jenuery, 


oron containing 
sthly product fone It accounted 


amount 


for 9 


Chile more then tripled its best previous rate of steel output in 195i, in the first 
year of operation of its new integrated steel Plente The country produced 


nearly 200,000 tons in 1951. 


4 saving of up 30 pet of the electricel e 
ana the United Stetes is exzected throug? the use of e new type of Tong-wove 


electric slled “square wave.” The Brits: sh Columbia Aluminum CO. produced 
the first test bar of yure sluminum in Novenber 1951, at its pilot plent. It 

is now planning expansion. A megneguanta converter is used to produce the new ys 
type of electricity. S. end Canadian Governuent officiels and Alcoe have 
observed the process for the pest six months. a 

Primary elunminur production for 1951 reached 856,908 tons, 4 16.5 pet increase over te 
the 1950 output. 

The Bureeu of Lebor statistics reports employment in the met#lworking industries hes + 
steadily increased since December, in survey made for the NFA. The rise cam 
despite sharply reduced allotments of critics] rmateriels for civilien production 
during ‘the first quarter cf 1952. The survey covered 1],000 firms employing ‘ 
about pet of the industry's lebor force. 
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Freyn-Design 


provides the 

steel industry with 
integrated... 
specialized... 
comprehensive 
engineering 
services. 
Consultation, design 
and construction. 
Raw materials 


to finished 


products. 
1914 ---1952 


Freyn n Eng ineering 


DEPARTMENT OF KOPPERS COMPANY. INC 
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Local Section Activities 


National Open Hearth Steel Committee 


BUFFALO SECTION 


Wickshire 


oup on the 


i \ ‘ ‘ } ‘ A K Moore 
Safety | tice nd P ‘ Pouring Pit P tice Joseph Walton, H Northrup, Bus Reed, John Flen 
rittes 


! 


A K MOORE D R MATHEWS 
Stee! Co of Canada, Hamilton, Ont Alan Wood Stee! Co, Conshohocken, Pa 
Chairman, Eastern Section 


Chairman, Buffalo Section 


EASTERN SECTION 


Increased registration 


held Oct. 12. 1951 t the War ter 
Hot P i. The 24 t ts att t Outgoing officers of the section are: D. R. Mathew 
¢ ‘ urman, open hearth superintendent, Alan Wood Steel 
new Co; R. M. Baker, vice-chairman, superintendent, open 


ntend 
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| 
The Nov. 29, 1951 t ! i eet f the Buffa Member pent the rning visiting the =! ; 
Section lesigned t it the 5 ! f the D Open H t f ¢ ido Fuel & Iron. A cocktail 
perating ipe Retiring cha in H. I Aller part nd dinner f ved the technical session. Paul 
J pened t eetu nd wel ed hi eet t Wamslke ch n of the National Education Assn. of i 
4 K. Moore of the Steel Co. of Canada. Mr. Moore the American Legion, spoke to the grip Ram- a 
Republ Steel i the i \ fal eeting | eduled f November 
cm 
EA 
¥ : 
3 
‘ 
$$ 
; ‘ ‘ ippe i iu ren if man, Alan Wood Steel Co. The section- ponsored con- : 
hurnir ind factors contributir to } f pr juetior 
bu g. and fa i jucti test for the best paper on an open hearth topic will be 
During the afternoon s¢ r fet n the open heart! resumed in 1952. The next scheduled meeting is on Oct * 
bath temperature ire ting and meth i 10, 1952 
f application were discussed New officers are: R. M. Baker, superintendent, open ; 
Ar ptior i the hearth and bessemer, Bethlehem Steel Co., Sparrows 
tH. McFal Point, Md., chairman: P. R. Sultzbact iper ent 
construction, the Stanley Works, Bridgeport, Conn : 
na I idition ral amateur en- vice-chairmar ind B. B. Hoffman, chief clerk, open 
tertainer J es E. Ghee poke to the roup in a heart nd bessemer. Bethlehem Steel C« Sparrow : 
j j pir Det ‘ +} evening ric Point ‘ etar treasurer 


350-TON, 6-MOTOR, 76'-0” SPAN 


LADLE CRANE BRIDGE 


DESIGNERS + MANUFACTURERS + CONTRACTORS 
BLOOMING MILLS « PLATE MILLS « STRUCTURAL MILLS 
ELECTRIC TRAVELING CRANES ¢ CHARGING MACHINES 
INGOT STRIPPING MACHINES « SOAKING PIT CRANES 
ELECTRIC WELDED FABRICATION « LADLE CRANES 
STEAM HAMMERS « STEAM HYDRAULIC FORGING PRESSES 


SPECIAL MACHINERY FOR STEEL MILLS 


THE MORGAN ENGINEERING CO. 


ALLIANCE, OHIO —1420 suioins 


Itlustrated is a 450-ton, 4-girder, 24-wheel 


Ladle Crane bridge with six individual motor 


drives. 


The six motors are carried on the individual 
trucks, each motor being coupled to a worm re- 
duction unit on the drive axle. With this type of 


drive, the usual squaring shafts are eliminated 


On account of the moving mass to be con- 
trolled, which would require the usual hydraulic 
brake for each drive, an air braking system 1s 


provided. 


BUILT BY, 


Good weather brought 


CHICAGO SECTION 


Chairman, Chicago Section 


SECTION 


T F POLLACK 
Jones and Laughlin Steel Corp, Pittsburgh 
Chairman, Pittsburgh Section 


Chicago Section held its fourth annual all day mee 
in it the Del Prado Hetel on Mar. 14, 1951. Topix 
ed were Statistical Approach to Open Hearth 
id Blooming Mill Operation, Progre in Open Hearth 
th Temperature Control, Factors in the Manufacture 
f Low Carbon Deep Drawing Rimmed and Killed 
Steels, Recent Developments in Open Hearth Furnace 


Design, Furnace Availability, and Increasing Open 
Hearth Production From Existing Furnace Session 
were followed by a cocktail party and dinner attended 
people Harry Stuhldreher, assistant to the 
esident, industrial relations, U. S. Steel Co., wa 


aker, and was introduced by Toastmaster F. M 


iperintendent, Wiscon 


1951, the program on 


ple f Pit Practice vas arranged by R. Farley 
i tant chief metallurgist, Republic Steel Corp., Chi- 
cego. Over 150 operator and metallurgists attended 


this se lon 


The fourth annual golf outing was held June 13, 1951 


chairmans! 2. assistant open 
hearth superintendent, Youngstown Sheet & Tube Co 
Indiana Harbor Work At the Fellowship dinner that 


200 were erved 


arranged by technical chairman Oscar Pearson per 
intendent steel production, Gary Work U. S. Steel 
Co. Iten liscussed were Scrap Handling and Chat 
ing Practice Furnace Operation Production Prot 
ler ind Pitside Operation (Pouring Practice, Me 
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deal 
. for the golf party held by the Pitt irgh Section June 7 
‘ Pine I atte led od) iM 
On Nove er 2 nd guests attended 
Penn Hot The annual affa nt effort t 
a ; the Pittsbu Section and the National Open Heart! a 
( tte ( l | f the Pittsburgh Steel 
is pros f the Pitt i Sectior na 
ae S. Feiger : f Jor & Laughlin Steel Corp. served q 7 
\\ Topprr ind 7 Ondo rrar techr il ‘ 
i open heart} 
\ ttee of H. M. Rict ha in. R. Burke, W 
Bolke E. M. White nd W. C. Ber J handled 
irran ip} | pa 
f i the d wet tie The Putsburgh Sectior 
wa is presented to Midlan, plant metallurgist 
American tive ¢ for a paper entitled A 
Study of S e of the Phy Charact t f Acid 
Open Hearth Slag) The award will be known as the 
» Francis L. Toy Awa n the future. T will be pre 
me ente vith a plaque and cert ite cogni f é: 
ae efforts for the Pitt irgh Sectior Branch Ricke he 
Sr eneral manage f the Pittsburgh Pirate id 
iressed the dine foll the banquet 
— or I f the Pitt irvh Section are J F. Pollack a 
Jones & Laughlin Steel Corp., chairman: C. E. Wilhan 
U_S. Steel p.. secreta ind C. Longenecker, Blast 
Furnace & Steel Plant, treasure 
3 
Washburn, assistant general s\ - 
sin Steel Co 
4 
J R BRADY 
Wisconsin Steel Co, Chicago 
chanical Refuse slag Dist 
The officers of the section are J. R. Brady, chairmar cs 
Oscar Pearson, vice-chairman; and R. J. MeCurds eit 
ecretary-treasurer 


TITANIUM ALLOYS, produced by TAM ore 


y as deoxidizers and stabilizers and as a source of 
ind a ys. The experience gained in their 

ov through our field 
ratory. Its yours by simply writing 
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TAM 
PRODUCTS 


TITANIUM ALLOY MFG. DIVISION 
NATIONAL LEAD COMPANY 
Executive and Sales Offices 


BROADWAY WEW YORK CITY 
General Offices. Works and Research (aboratories NIAGARA FALLS 


Wy 
tite 
pment 
sur New York City office 
Aw Pie . 
6 
~ 


The Northern Ohio Section held a golf-; 


part Sept 19 


‘ nder ! o rk S. Steel, were 


ocKtail hour and 


‘ reta ré i 
jinner. JI. W. Owings tant general manager of 


Tentat er iy rir 
‘ t it »> the diners 


BARNEY DAGAN 
Karser Steel Corp, Fontana, Calit 
Presiding Chaiwman, Western Section 


GEORGE B McMEANS 
Karser Steel Corp, Fontana, Calit 
Chauwman, Western Section 


McGINLEY 
U_ S Steet Co, Youngstown 
Chairman, Northern Ohio Section 


WESTERN SECTION 


Mar 2H 1952 


Meetings of the ed ‘ ‘ ‘ 
te ibjects concerning both open hearth and elect: t which time C. D. King, a tant vice-president and 
hai gu ir Cor itter U. S. Steel Co 


or Past 


the 
a 


f 
ror 


pre 


onte 


Mc Mean 
permanent chairman; Barney Da- 
irman; John 


Marsh. research engineer. Steel ¢ Bethke S. L. Jackson, Ele« Metallurgical secretary 
ma : treasure! Board member rving are: J. T. Evan 
nted a talk on the Mah y,of B ce Electr il J I Eva 
Jr National Supply Co.; B. G. Emmett, Los Angele 
a Steel Casting ¢ Ralph Price, Bethlehem Pacific Coast 
the Ja 6, 1952 se n heard a pape nl er R Steel Corp.; Glenn E. Middleton, National Supply C: 
f es Cut Cost of Steel by C. E. Grigsby, service John T. Oursler. Colur Geneva Steel Div. U. S 
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‘ 
NORTHERN OHIO SECTION 
stay Heat Tim ¢ of Silica Brick, Labor Saving Device 
at Coalburg Lake, Hubbard, Ohi Slag Ri Flue Cle Spectroscopu 
A it tion members plaved golf at the Hubbard Contr of B ( ‘ t f Manganese wv : 
Count E E. McGir iperintendent 
te 
tow 
held M $4 at the Hotel Pick O Youngst n. Or Pig l i Attendance at the session was a 
the agenda were Factors Influencing Open Heart! 281 : 
% 
} 
: 
i 

order t ppeal t ill of the ‘ el Au eeting Pitt ins poke : e Obse PC 
are held at the Rodger Young Auditorium in Lo Present and Future Ingot Production 
Angel ind the attendance ranged from 70 to 85 Ar vard ide available by Don Watkins dll : 
me te t each se ior best pape prepared during the ear was ff ’ 

On Sept. 19, 1951. E. F. Donati 1i\ n iperin tt eeting a 
tendent, service Kaiser Steel Corp poke n Stee Officer for thi : 
° 

Vf VI te ce. On Oct. 10 and 11. 1951. the Sectior Kaiser Steel Corp 
participated with the Southwestern Section in a two- gan, Kaiser Steel . 
re G t Ste ( R.B kman, 1 S. Lime P ict 
delphia Corp 


THE HEAT’S ON for MORE HEATS 


FROM YOUR DETROIT ELECTRIC FURNACES 


Here’s the “inside sfory” on how to get them! 


lower refractory costs per ton 


of metal melt ; fy TASIL linings and ] » that metal pouring! 


FOR EXAMPLE: 
At a foundry in Indiar 50 lt high hot load strength; high softening 
FC 1 mainta i wi point (3335S F.); high volume stabil- 
hout the temperature range; 
tance to spalling and 
1gging. Lining life may be further 
rolonged by maintaining with one 
of several types of TASIL Patches and 
tially “engineered” for 
1i Contact the Taylor represen- 
tative in your area or write direct for 


| linings are fitted to gauge 
ed by the Detroit Electric 
4 division ! an Electric 
information on TASIL lin- mpany) and are sh marhed 
Electric Furnaces for assembly, before shipment 


Exclusive Agents in Canado 7. CH AS. TAYLOR SONS. 


REFRACTORIES ENGINEERING AND SUPPLIES, LTD. J a OF Lead 


Hamilton and Montreal 


REFRACTORIES SINCE 1864 + CINCINNATI! OHIO « 
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How, with defense requirements demanding more and more metal production, 
, 
TASIL Detroit Electric lining being 
pre-assembled at the Chas. Taylor 
ind ipes f ess comp.ete 
many ce : propertie that ir ings for 
rease { } lite. They have There is no obligation. 


Registration for the spring, 1951, meeting of the iquarters for the spring, 1952 eting was tl 
Southwestern Section, held at St. Louis Feb. 21, 1951 ox Hotel, St. | I t was he Febru 
t with the AIME Annual Meeting, totaled iry 8 with the following pape presented at the 
I t! agenda were essions: Bath Py etry B Steel Foundries 
t ‘ ‘ y Pouring of Rommed Steel, led by Ingot Sho; F. Von Gruet n, American Steel 
C. Br f Ir Steel ¢ ind Marcel Terris Found: Granite City, Slag C W. H. Car- 
G te City Steel ¢ l f Special Refractories to penter, Colorado Fuel & Iron Corp.; W. H. Steinheidet 
Inere I e Life Cc Metal S} led by Paul Sheffield Steel Corp. Kansas Cit Control of Low 
Aiker f the Laclede Steel ( ind Pit Refractories Cart Rimmed and Killed for Deep Drawing 
ier t er ip of Jesse L. Jennings, General Quality, Paul Stuko, Youngstown Sheet & Tube Cx 
te ( t ( i Russell Sol on, Granite City Youngstown; Owyge the Ope Hearth, Charles 
Steel ¢ The technical se n was followed by a Drabers, Wheeling Steel Corp.; Pl g d Schedul 
kta ir and Fellowship dinner g F nace Repairs in a Cold Me Shop, J. E. Wil- 
De t t the fa eeting began to arrive at Danks Atlantic Steel C« Atlanta R ed Stee 
Puet the g of Oct r 10, for the two-day Capping Practice Bleeding, Et Marcell Tarri 
et ( i Fuel & Iron Corp. met the incom- Granite City Steel Co. Granite City, HL; and W. H 
f ‘ at th tation and provided transporta- Carpenter, and Refractori Cold Metal Operations 
t N neral se is ere the first A. H. Sommer, Keystone Steel & Wire, Peoria, Il 
The Lavino ¢ played h ites at a William H. Carpenter and Huey Clark, melted metals 
t i cocktail party in thy evening superintendent, American Steel Foundrie East St 
W i ( penter, process control metallurgist Louis, Ill, will serve as chairman and vice-chairman 
f CF&I, presided as chairman of the technical session respectively, for the coming vear. Ed Christopher 
October 11 The ites heard Don Baughman was appointed to succeed Donald MacArthur, who 
Shetfield Steel Cory sas Cit Walter Serge, Jones resigned as secretary-treasurer Andrew Harrison 
{ & Laughlin Steel ¢ Pittsburgh; Rudolph Smith Mexico Refractoric Kansas City, will assist Mi 
( i Fuel & Iron Corp., Pueblo; Martin Schuster, Christopher 
Granite Cit Steel Ce Granite City. Ill: Gordon Yo- Members of the nominatin < ttee are 7: & 
cu Wheeling Steel Corp., Steubenville, Ohio; Gordon Peters, Laclede Steel C Dan Murphy, Scullin Steel 
McMillan, General Steel Castings. Granite City; and Cr and Russell Solomon, Granite City Steel Co 
Frank Hahn, Scullin Steel Co., St. Louis. Following the The Globe Trotters will be the guests of Al Sommer 
technical se n, the delegates were entertained by at the fall meeting in October 1952 cheduled for 


Peoria 


CLARENCE L KING 
Shettield Stee! Corp, Kansas City, Mo 
Chairman, Southwestern Section 


VERNON JONES 
Armco Steel Corp, Middletown, Ohio 
Chairman, Southern Ohio Section 


SOUTHERN OHIO SECTION 


The 15th Annual Meeting of the Southern Ohio Sec and Production Rate, Stanleigh Elam, senior metal 
tion was held at the Deshler-Wallick Hotel, Columbus lurgist, Armco Steel Corp., Ashland, Ky.; Statistics A 

October 26 to 27, w attending. The following a Tool Production and Quality Control the Open 
pape vere presente g the meeting: Safety im Heart} Frank G. Norri netallurgical engineer 
he Ope He } g B. Holmes, director of Wheeling Steel Corp.; and Some Factor iffecting 
tra nd ifet ial Tube Co., Pittsburgh Mold Life, Arthur P. Woods, research engineet rmco 
Ss ‘ fF h Practice Richard W. Lewry, open Steel Corp., Middletown 
heart iperintendent, Detroit Steel Corp., Ports- W. Cover, Zanesville plant, Art erved 


Charle 


ith, OF Econon f Seray Preparat a Harlan as Toastmaster at the Fellowship dinner. Louis J 
W Jar . ha ng gent Armee Gael Corp. Mid- bers, recently returned from a trip along the edge f 
lletown: Impr g Furnace Availab y by Schedul- the Ir the tm 


assistant general foreman of 


g L. R. Astic 
bor, brick and riggers dept.. Jones & Laughlin Steel in that part of the world. The 1952 meeting will b 
Cory Pittsburgh; Bar ird Economic W. F. Johns- held October 3, at the Deshler-Wallick. Vernon W 
ton, supe f training, Armco Steel Corp.; Effect Jones, cha G. H. Todd, vice-chairman, and H. P 
Hot Met Ter perature Proportior g of Heat Gaw ecretary-treasure! will continue ffice 
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New evenly graduated flow meter 


for flow cost accounting 


METER BODY 


Ax IMPORTANT development in flow instru 
the Brown Evenly Graduated Flow 

new accuracy and convemence 

mt accounting of steam, ou, iis ind 


trument scale niver du eo 


flow at full accuracy and with 
No more 
ihlesome interpolation due to 


it the low end of the ile 


thon adds up total flow accu 
t direct reading counter 


ny purt of the range 


is gone through the 
hous integration elpminates 
ertainties of totalizing trom 


trements. The new integrator 


@ Important Reference Data 


FLOW METER 


ts unijorm a 


ELECTRONIC INTEGRATOR 
‘ nis feos 


fo ser 


features simplified design with only three major 
parts, all readily accessible for inspection and 
maintenance 

The compact electric meter body is easily 
mounted anywhere. It is designed of corrosion 
resistant materials to assure constant calibra 
tion. Electric transmission permits location of 
the recorder hundreds of feet from the meter 
body without loss of response or accuracy. 


Call in your local Honeywell engineering repre 
sentative for a discussion of your flow applica 


tions he is as near as your phone. 


MINNEAPOLIS-HONEYWELL REGULATOR Co., 
Industrial Division, 4573 Wayne Ave., Phila 


delphia 44, Pa. 


Honeywell 
BROWN INSTRUMENTS 


Fiat we Coittoly 


Write for Bulletin No. 293-2, "Brown Evenly Graduated Flow Meter" 
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A. H. SOMMER 
Chairman 


National Open Hearth 


Steel Conference 


NATIONAL OPEN HEARTH STEEL COMMITTEE 
IRON & STEEL DIVESION 


(i 


Commitice on 
BLAST FURNACE, COBE OVEN and RAW MATERIALS 
IRON A STEEL DIVISION 


Cohe Oven ond Raw Matera, Marck Ape Purberge Po 


Blast Furnace, Coke Oven . 


and Raw Materials Conference ; 


Chairman 
E. K. MILLER 


P 
aa’ 
> 
be: 
ad . tte t . . 
- ee ret £ 
etre 
tris 
secutive vice e e 
‘ , hoppers 
wisi ve tne t saste 
vitet extented Li to ettera 
. sittee ve spert tne 
girg this es eres ari we et this 
time to extend our thanks and appre their 
ver ational One 
— 


C C RUSSELL 


SAMUEL NAISMITH 


Blast Furnace, Coke Oven 


and Raw Materials Committees 


er. Chawman C C. Russell, Vice Chaiwman 


Vice Chawman Kurt Neustoetter, Secretary 


Program Committee Finance Committee 


P Soxer, Chawman R S Carey, Chairmen 


Britt Day 


J G Greenwood 
H Holman C. Murray 
P Liggett Vv J Nolen 


H A White 


Toastmaster 
GEN BREHON D SOMERVELL 
Charman of the Board 


Koppers Co, Inc 


KURT NEUSTAETTER 
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W E Marshe 
M F Morgan 
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J. J GOLDEN 


H M GRIFFITH 


National Open Hearth Steel Committee 


A_H Sommer, Chairman J 3. Golden, Vice Chairmon 


H M Griffith, Past Chairman Ernest Kirkendall, Secretary 


Executive Board 


LR Berner Vv. W Jones 

G Burrier C. Keller 

C E Carr R Mathews 
T A Cleary W_ Thornton 
A F Franz L. Toy 

H G Grim J. Walker 


C F. Henzelman Clyde Williams 


Speaker: 


C. F. HOOD, Executive Vice President, 
U. S. Steel Co 


ERNEST KIRKENDALL 
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Technical Program 
BLAST FURNACE, COKE OVEN AND 
RAW MATERIALS COMMITTEE 


3%. Blast Furnace Burdening for Coke of Varying 


MONDAY MARCH 3} 
Qualities 

pm Urban Room Supt 
nland Ste« ( Ir 


BLAST FURNACE OPERATING SESSION Work chicago. (Preprinted) 
The Present Situation Regarding Fireclay and High 
Alumina Ketfractories for Blast Furnace Linings: 
Pierce, Rese ngines R. E. Bu 
‘ Hart n-Walker Ref! 


Prey 


lla! 


hairmen 


Kesults Following the Installation of 35 Psi Press 
> ce 
sure Turbo Blower 2 00 pm to 5 00 pm—Monongahela Room 


COAL AND COKE SESSION 
Chairmen 


Blast burnace Operation with Controlled Differen 


tial Pressure 


ob Aperieonce with Conditioned Blast at Woodward Coal and Coke Research 


Potter, Super rofc 
Jones & Laughlin Steel Cory 


Tromp Heavy Media Washing Process 
Multiple Correlation of Blast Furnace Variables far 


iron Co 


i! Consulting Engineer, McNal 

Mfg. Corp., Pittsburgh. (Preprinted 

3%. The Overall Efficiency of Coal Washing: 

pm ¢ pm Monongahela Room 1 D Price, Superintendent Coke Plant. Colorad 

i. Free Expansion Coke Ovens and the Use of High 

Volatile Coal to Produce Metallurgical Coke 


Petit, ¢ ilting F eer, Societ 


(Chairmen 


Tect 
‘ niq Pa 


( 


The Krupp Renn Process—A Direct Process for 2:00 pm to 5.00 pm—Urben Room 


Silictous Tron Ores 
‘ BLAST FURNACE GENERAL SESSION 


' Heat Hardening of Taconite Pellets Chairmen 


‘ 


sell Fluxing Sinters 


1. Greenawalt Sintering Plant 
LA. P \ tant Plant Mar 
TUESDAY APRIL Cc Tahawus, N. ¥ Prey 
7 A Practical Application of Ore Sizing 


rrey ted 


W. Kerr, Blast Furnace Practic 
BLAST FURNACE SESSION F nace Dept... Kaiser Steel C 


Chairmen i 
3. A Comparison of Blast Furnace Operation with and 
without Coke Produced from Pennsylvania Low 
\ Volatile Coals 
Mout W. C. M 
1 Operation of an Experimental Blast Furnace U.S. Steel C Rankin, Pa 1 
. = 4. Physical Conditions in the Combustion and Smelt- 
ing Zones of a Blast Furnace 
F.E tt, Inland Steel C 
Rese 


B Wa 


The Manganese Distribution Between Slag and 
Metal Under Reducing Conditions 


364 JOURNAL 


, t No. 2 Blast 
‘ ( | ¢ Prise 
J. J. Cavett, Superintendent, By-Product Coke 
Plant, Jones & Laughlin Steel Cory \liquippa 
L. A. Kraemer, Project Engineer, Sales Dept 
( Ne ‘ Engineering & Construction D Koppers ¢ 
Coke Researct 
‘ 
‘ 
NI 
Ore Resea 
‘ 
q | 
Wheeling Steel Corp., Mit OF 
C. G. Hogberg, A tant to Chau n, Blast Fur 
eC tee S Steel C Pittsbu 
tice Man, Blast 
tar Calif 
staff, Resea Laborator U.S. Steel 
; Cc Kearny, N. J Preprinted) Includes motior 
OF METALS APRIL 1952 


NATIONAL OPEN HEARTH 
STEEL COMMITTEE 


Methods of Decreasing Charging Time: 


AUTHORS AND CHAIRMEN BREAKFASTS 
A. Scrap preparation and method of distributing 


Monday and Tuesday, March 3! and April | 
light and heavy scrap 


8 00 am — Fort Duquesne Room 
B. Seri 


Authors and session chairmen of the day will meet z 
( New equipment 


t followed by ar pportunity to plan final 


fetails with ard to hedule of papers for each D Par 


ral Superintendent, 
Kaiser Steel Corp., Fontana, Calif 


MONDAY, MARCH 31 
V. W. Jon Superintendent Steel Production, 


Armco Steel Corp., Middletow Ohio 


9 30 am to 10:15 am — Ballroom 


OPEN HEARTH GENERAL SESSION 


1. Welcoming Remarks 11.00 am to 2:00 pm — Fort Duquesne Room 
By A. H. Somn er, Superintendent of Steel Mills 
Kevstone Steel & Wire C Peoria, HL, General ACID OPEN HEARTH 


Chairman, National Open Hearth Committee 
AIME ROUND TABLE DISCUSSION AND LUNCHEON 
2. Announcements and Reports Chairmen: 
Pager H. E. Klugh, A tant Foundry Superintendent 
10.30 am to 12:15 pm — Ballroom United Engineering & Foundry Co. New Castle 
Pa 
INCREASING OPEN HEARTH PRODUCTION 
R. M. Barnhart, Open Hearth Superintendent, Amer 
Chairmen: ican Locomotive Co., Latrobe, Pa 


H. L. Tear, Assistant Superintendent, Open Hearth, 1. The advantages of insulation of the bulk heads and 
Jone & Laughlin Steel Corp, Pittsburgh back walls 
J. Dattisman, Assistant Div. Superintendent 
Open Hearth, U. S. Steel Co., Munhall, Pa 2. The effect of automatic reversal and furnace pres- 
sure control on increasing efficiency 


1. Checker Maintenance to Increase Flame Intensity: 


3. The advantages of super duty brick on the roof 


\ Benefits obtained from insulating and sealing 


4. Roof temperature control 


B Methods of measuring air leakage 

C. Cleaning 5. Serap 

I \. Hovey, Superintendent Open Hearth No. 4 

U_ S. Steel Co.. Munhall. Pa 6. Charge—pig iron substitutes; charged manganese 
and silicon 
2. Use of Oxygen for Flame Enrichment and Decar- x : : 

sustentien: 7. Bath temperature control by the immersion thermo- 

couple 


A. M. Kroner, A tant Superintendent, Inland 
Steel Co., E. Chicas Ind Chau will be available other than those at the 
Oscar Pearson, Chief Metallurgist, U. S. Steel Ci luncheon table for those who do not plan to have 


lunch. Luncheon tickets cost $3.50 


Gary, Ind 
LUNCHEON ANNUAL FELLOWSHIP DINNER 
Tuesday, April | Tuesday, April | 
12.30 to 2.00 pm — Fort Duquesne Room 6 30 pm — Urban Room 
Reception and Cocktail Party for dinner guest 
I l cheon and Business ing li 
Toastmaster: Gen. Brehon Somervell. Chairman 
E. K. Miller, Chairman f the Board Kopper Co.. Pittebureh 
Evervone attending the Blast Furnace, Coke Over Speaker’ C. F. Hood, Executive Vice-President 
and Raw Material ‘ ions is invited t attend U_S. Steel Co.. Pittsburg} 
this luncheon and annual business meeting Musi Homestead District Work Male Choru 
Tickets $3.50, tips and tax included; see page 3.) of U.S. Steel C 
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Technical Program 
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fc 
session on that day 
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OO pm om Urban Room 


Effect of Various Elements on Hot Workability 


REFRACTORIES AND MASONRY 


( hairmen 


tse of Plastic and Castable Refractories 


' Industry Survey of Zebra Roof Experience 4. Significance of the Furnace Block 
Steel D i M. Tenenbaum. Research Metallurgist. Inland Steel 
‘ M Co., E. Chicego, Ind 


t Recent Experience with Rammed Hearths 
M K ( i Bethlete te NATIONAL OPEN HEARTH EXECUTIVE BOARD 


6 00 pm 


Rooms 566.68 70, Hote! Wilham Penn 


th, teel Homest Dinner and busine eeting of the National Open 
Hearth Steel Committee Executive Board 
i Planning and Scheduling Furnace Repairs to In 
crease Availability 


W alt th iperintendent 


TUESDAY, APRIL | 


9 30 am to 12 15 pm — Monongahela Room 


COLD METAL SESSION AND BASIC 
FOUNDRY PRACTICE 


> Het Metal Mixer Linings 

tant erintendent, Open He 

Chairmen 

C.M. Kay. Superintendent Steel Work Americar 
~ Steel & Wire Co., Worcester, Ma 

\ 

Ii! 


W Peter 


0) pm t 0 pm — Ballroom 1. Slag Control in Cold Metal Practice with the Use 
of Burnt Lime: 
OPERATING METALLURGY 
WH. Steinheider, Open Hearth Metallurgist, Shef 


Chairmen field Steel Co., Kansas City, Mi 


Economics of the Use of Oxygen with Cold Charge: 


\ H. Sommer, Superintendent Steel Mills, Key 
tone Steel & Wire C Peoria, I 


\. Bigar, Jr.. Research Engineer, Lukens Steel Co 
Coatesville Pa 


1 Conservation of Allows 


Effect on Production of High Percentage of Pig tron 
(+40 pet) in Cold Metal Practice 


R. Edwards, Open Hearth Superintendent, Key 
tone Steel & Wire Co., Peoria, I] 


Progress Report Regarding Use of Bath Pyrometry 
in Basic Steel Foundries 

\ \ ly. S. Ste Frank Hohn, Jr, Chief Metallurgist and Assistant 
c) " Works Manager, Scullin Steel C St. Loui Mo 
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et Section. U. S. Bu 
A | t te 4 Mins 
Fe nbau \ tant Metallu Jones & 
Laughlin Steel Corp., Pittsburg! 
3%. Steel Bath Temperature Measurement: 
( Batt el iple mmersion 
WwW. M iple 
t. teel Pitt Ralph Hindson, Works Metallurgist, Steel Co f 
Canada, Ltd, Ont 
‘ D J. Carney, Chief Development Metallurgist, U.S 
( ir Pear n, Chief Metallurgist, U.S. Steel C 
Gary, Ind 
“ l i i R. Brady, Supervisor, Research & Testing Dept 
{ eel Clairton, Pa Wisconsin Steel Co., Chicago 
| 
—_O— 
| thle tee] Corp, Lackawanna. N. Y 
Rev M superinte t 
tee! (aa Ind 
M ‘ ( 
MI 


Chairmen: 


New Method of Charging Open Hearth Furnaces: 


Albert Calder Materials Handling Engineer, Ir 
justrial Automation, In¢ 454 W. Alexandrine 


Ballroom 


9 30 am to 12:15 pm 


FUELS AND COMBUSTION 


Chairmen: 


J. M. Brashear, Open Hearth Superintendent, Lone 
Star Steel Co., Lone Star, Texa 
Jack Dorman, Div. Superintendent Power and Fue 


S. Steel C 


New Developments in Liquid and Combination 

Liquid and Gaseous Fuel Burners: 

W. H. Kahl, Open Hearth Combustion Engineer 
Inland Steel Co., E. Chicago, Ind 

Diseu n by E. T. W. Bailey, Chief Combustior 
Engineer, Steel Cx f Canada, Ltd., Hamil 
Ont 


Future Trend of Sulphur Content of Fuel Oils: 

C. F. Kottcamp, Chief Fuels and Lubricants Eng 
neer, Turbine and Steam Power Section, Indus 
trial Products Engineering Div., Gulf Oil Corp., 
Pittsburg! 

Significance, Factors Affecting, and Methods of 

Measuring Preheated Air Temperature: 


H. S. Hall, Assistant Manager Combustion Control 
Dept., Morgan Construction Co., Worcester, Mas 


Instrumentation: 


A Automatic reversal—timing and how governed 


nperature measurement 

ester Moore, Assistant Superintendent Open Hearth 
and Herman Meek, Combustion Engineer, Cru 
cible Steel Co. of America, Midland, Pa 

R. A. Lambert, Superintendent Steam Efficiency & 
Combustion Dept., Jones & Laughlin Steel Cory 


Pittsburgh 


Use of High Pressure Natural Gas for Atomizing 
Oi: 
LD. 


Stee 


r, Open Hearth Superintendent, Laclede 


Cc Alton, 


A Method of Developing a Design of Furnace for 
Use of Natural Gas as Fuel: 
H. C. Barne Armes Steel Corp Middletown, Ohio 


Effect of Uptake Dimensions on Furnace Perform- 

ance: 

L. R. Berner, Superintendent Steel Production, Ir 
land Steel C E. Chicago, Ind 

J. E. Hood, A tant Open Hearth Superintendent 


Steel C of Canada, Ltd., Hamilton, Ont 


2.00 pm to 5:00 pm — Ballroom 


TRAINING OPEN HEARTH PERSONNEL 


L. R. Berner, Superintendent Steel Production, In 
land Steel Co., E. Chicago, Ind 

H. E. Warren, Jr Assistant General Superinter 
jent, U. S. Steel Co., Morrisville, Pa 


Visual Aids as a Tool for Training: 
A Classroom instruction 
job 


instruction 


i to improve qual 


t ‘ nel t training, elimination of 
i t ition of umproved methods and 


rn the pen hearth pit 


problen how 


L. G. Ekholn Assistant Chief Metallurgist, U. S 


Steel C Duquesne, Pa 


2. Training Program: 


\. Melter foremar C. Second helpers 
B. First helper D. Casting crews 


Experienced 


M F. Yarotsky. Superintendent Steel Production, 
U.S. Steel Co., Chicago 

C. W. Conn, General Superintendent Ingot Produc 
tion, Ford Motor C Dearborn 

E. E. McGinley, Chief Metallurgist, U. S. Steel Co 
Youngstown 

H. L. Tear, Open Hearth Superintendent, Jones & 
Laughlin Steel Corp., Pittsburgh 


\ H. Osborne, Senior Open Hearth Metallurgist, 
Armco Steel Corp., Middletown, Ohio 


S. Effects of Foreign Ores as Open Hearth Charge Ore 


on Production Rates: 

\. Liberian ore 

{ P. Carpenter, Open Hearth Superintendent, Re 
public Steel Corp., Cleveland 

B. Moroccan ore 

S & Bentor Assistant Superintendent Open 
Hearth, Tenne ee Coal, Iron & Fat 
field, Ala 


WEDNESDAY, APRIL 2 


900 am 
VISIT TO PLANT 


Plant Trip: Through the courtesy of the U. S. Steel 
Co., plant visits have been planned to both the Irvin 
and the Homestead district works on Wednesday, April 
2. Transportation will be by means of a special train 
leaving the Pennsylvania Railroad Station at 9:00 am, 


t 10:00 am 


arriving at the Irvin works at approximately 
A trip has been planned through the Irvin works, to be 
followed by a luncheon. Visitor ill board the train 
at 1:30 pm, arriving at Homestead works at 2:00 pm 
for a trip through the open hearth, 45 in. slabbing mill, 
and, if time permit me of the finishing mills. The 
party will board the train at the H estead works at 
4:30 pm, arriving back at the Pennsylvania Station at 


approximately 5° 30 pn 


For those interested in only the blast furnace opera 


tion, transportation will be made | means of a bu 
fre the H estead plant to tts Carne furnace it 
? 


An assessment of $2.50 will be made bv the Blast 


Furnace, Coke Oven and Raw Materials and the Na 
tional Open Hearth Committees to help defray the 
t 


Conference ex- 


Supplhers who have parlor for entertaining 


have been requet ted and are inxious to cooperate 
n closing their root luring technical session 
ind the dinner on Tuesday. Please help them co- 


yperate by voluntarily leaving or avoiding their 
rooms at these times 
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C Methods and procedures vs: 
mechanical equipment | 
Detroit 
D. Seund lide fils sample 
t N 
1. 
3. 
Ke 
6 
x 
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KOPPERS ELEx 
ACID 
PRECIPITATOR 


A conventional precipitator design on a metallurgical 


ippheation could be wasteful’ That's why Koppers de- 


veloped specnal ce vi to clean sintering gas ind hot 


gases from hearth, flash and fluidized roasters. Other 


types are also available for removal of acid mists 


offer Guaranteed Rates of Recovery 


and Nuisance Abatement! 


PROFITABLE INVESTMENT that’s the report about 


i Koppers-Elex electrostatic precipitators on zinc roaster 
PI I 


and acid mist applications. Not only is recovery guaranteed to 


inv efligency vou specify but proper engineering protects 


HERE'S THE RECORD’ 


you against failure during overloads and production peaks! 


Koppers engineers analvze each Only Koppers gives you the drag scraper which provides 
kanming and continuous dust removal and eliminates plugged hoppers and 
problem  mdividually bothersome dust build-up. Separately energized multiple series 
Uh based on extensive expert fields provide maximum collection of very fine particles and 
they give you a specifi protect your investment because outage of one field does not 

nation of the amount of 


halt the gas-cieaning action of the prec ipitator! 


Hundreds of Flex precipitators are in use today all over the 


world. Koppers-Elex electrostatic precipitators are designed, 


engineered, fabricated and erected under one contract by the 


Koppers Company ind each installation comes complete 


with “packaged” mechanical or vacuum tube power packs. If you 


have a gas-cleaning problem, write to: Koppers Company, 


Ine.. Precipitator Dept. 264 Scott St., Baltimore 3, Md 


KOPPERS 


ELECTROSTATIC 
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Pe A . TOWER 
4 
| oppers-Eiex ectrostatic Precipitators 
| 
combined with the degree of gas a 
cleaning you requir 
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Panoramic view of 
blest furnaces of 
Ensley works, Ten 
nessee Coal & Iron 
Div U S Steel Co 
Ensley, Ala 


Ensley’s High Pressure Turbo-Blowers 


Increase Production 


Decrease Coke Rates 


ne compata 
conditioned ore 
ind more avail 
tended to create 
hrough the fur- 

ressure 


quipment 


ome benefit 


Ensley Furnaces and Equipment 


ix blast furnace The 


age 100,000 


has been confined to Ne 


J J SHANNON 1s Superintendent of Blast Furnaces Ensley 
Works. Tennessee Coal, Iron & Railroad Co, Ensley, Ala This paper 
was presented at the Blast Furnace Coke Oven, and Raw Materials 
Conterence, Pittsburgh, Mar 31 to Apr 2, 1952 
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T has beer ecog! ed and accepted by Dia t fu i marked increase U production rate and decrea ed 2 
nace operat shat more iron could be produced coke rates have been attained. TI not attributed J 
by a given furnace lin ea vas t vn within cer- entire to the high pre ire blowers, but it ign a 
tain limits. T? based on the simplk re e that ficant that without high pre ire blowers full advan- ad 
t ot } ‘ hy a 
coke burned pt ease ncereast i iat have been Mmaae OF 
wind blowr ind if the « ke rate emal the ame ? ‘ ecent improvement wh a ae 
nere ‘ n lowe! t lecreas¢ then on pl iwwatlable blast temperature 
duction be increased. It has been widely ac- able wind volume. All of these have 
cepted and firmly believed D5 mans perate tha ince t he Now of fast 
an increase in the blow! te arbitra y incre ‘ nace ‘ ting n higher operating 5 
the coke rat ind conve elv. that a reductior ! rs ‘ ee Coal, Tron & Railroad Co 7. 
educe the coke methods. and operating practices are of course, de- 
eemingly confirmed by the f practice f the ned to meet particular conditions and ore and son 
1930's Effort neit nd ot t there t not claimed that the will work to the same 
early 1 ‘ et ind operato ai 
fore have been concentrated on | a . nm at extent with other ore and conditions. However, be- cm 
‘ a be ed od ye 
west cost by de nit nd eratil furnace cause of the depletion of high graae lake ores, blast ~ 
mrt ‘ nt tion pe na ke teoor 1 nace operat ill ove the country may be faced 
vey nace. takir nto Cor tion the yvitt imilar probten in the coming yea! There- 
a given ze fu 
stery of investment, fixed ¢ t mm ton of n. and fore, a discu ! f the way these probiem have ee 
cost of } ‘ net cost of coke and mat : been met may be of si to all operator ‘ 
Tith the nd t re i the er } 
has shifted to production, with cost an In tant but - 
lesser factor. A number of jucers have pu Ensley plant has first of 
chased new t ving equipment the quickest and three Ingers« Rand five-stE cfm, 4509 ps! 
cheapest way to increase } duction nd some have tise! e pre ire blowers was put In operation ot oe 
purchased high pre ire blows nd used them ! No. 2 fu we Aug. 11. 1946. Two additional blowe: a 
conjunction with high pre ire t The gene ] f like capacity were put In operation Mav 6, 1949 oa 
opinion of operat of } h t ‘ e f t on N l and No. 4 furnace Experience with hig! a5 
blowing n e wind. but ke 
pi ved materials Th pir A expre ea 
R. P. Liggett’ of Republic ir ‘ t or 
sure toy 
~ 


t the turbo blowers serving the blast furnaces ot Ensley works are shown here Without high pressure 
wers, tull advantage would not hove been mode of recent improvements such as conditioned ore, higher 
available blast temperature, and more available wind volume 


f 1949 after 
Sore 


and 


Table |. Average Production Data, Ensley Blast Furnaces 
Hiast Hot Dust, Ores Lb Metal serap. Lb Metallics 
Volume Blast Ib per per Net in Ore per Net in Burden 
cm p. °F Net Ten Ton Pet Ton Pet 


| Wiest 


Hiast burn 
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= 
4 
f ‘ 
Te 
bi 
; t f t ‘ I hen N + tuvere and with a smalle working volume than 
‘ N { ‘ N 4 furnace it tends t j duce n e flue dust 
‘ t vhen operated with higher blast volumes. It will be 
! cod f ‘ ‘ noted later that on No. 1 furnace, higher wind vol- 
f t rrie iVallable ince imstaliation of the five-stage 
. ‘ it t Vt have not been used to the same extent as on 
. ! ‘ f 4 N 2 and 4 furnaces for this reason 
k ' tt t st th Gias cleaning facilities consist of two Kinney tower 
; ! [ 44 } ft. N 4 A he ind two Cottrell divided electrostatic pre 
‘ t t wkir tat Power washe are each designed for 100,- 
ft. It t ‘ nd 4 hot 000 cfm gus flow. The plant capable of cleaning 
j t } uw is t a dust content of 0.01 « ‘ir re cu ft f 
it? ‘ th a The heating irface given per furnace ts the de- 
f It tuvers n amount after completion of the stove rebuilding 
¥ ; im that began in the pring com- 
ted t yer pletior f the gas cleaning facilit love 
vere rebuilt with Frevn design checke sorne 
nt } i inserts installed. Stove were put into service 
t N } t n a furnace as they were completed and consid- 
erable difficultv has been experienced with the in- 
ted | t ert stove with me bering itinely off for repai 
Nett Dave 
Yeu per ' Operated 
24 419 40 € 
No 
4529 41 9 
No Blast Purnace 
+44 
4 aa 27 a 
$822 ‘ 40 09 
370 195) 


Fig 1—The use of 
higher blast heats on 
No |! fturnace re 
duced the coke rate 
resulting a higher 
darly production 
When the tive stage 
blower was put m 
operation, an add: 
tional 200 hot 
blast was used 


ire oO 


Fig 2—Record ton 
nages and coke rates 
were obtained on No 
2 furnace during the 
tirst four months that 
the five stage blower 
was used Production 
was increased by 85 
tons per doy, and 
200 Ib coke was 
saved per ton of iron 


very 


~ 
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? 
° ~ 
: 
| 
: . 
| 
neratior 4 not be ed previously be 
it< tightening effect which resulted in pre 
able o i ‘ led wid not 
reflected in the ‘ et thor n the hot blast ire against which he oul owe 
temperature ge eflect the stoves avallable and blow effectively ne 
vere not entire controlled by the perato The major improvement noted on this furnace 1 we 
the lower coke rate and higher blast temperature Hi 
Results This furnace operates under the highest pressusmaf a 
Table I and F 1, 2. and how average monthly the three furnace probably attributable, a noted os 
and vea lata coveri 1 pe d of the last 5 before. to limitations of furnace desigt and the vol ne 
vea thre h June 1951 f furnaces Nos, 1, 2 and me of wind blown had to be reduced afte the in Pe 
$ The charts indicate in gene the extent to whict tallation of the high pressure blower. It will be seen oe 
production ha nereased and coke ite have im- however, that using higher blast heats re juced the ae 
ted dat yt h - t the owt coke ute esulted in a 
provea ( ead lata \ cl nave a } CORE ule and K 
' need effect on production and coke rate also are higher daily production even though blast volume me 
shown was decreased 
F 1 i ipt f the n e important data or k 2 a similar graph for No. 2 furnace The e 
No. 1 blast fur e It will be noted that at the same { t five tage blower began blowing this furnace } a 
time that the five t e blowe Was put in operatio August 1946 and the improvement Was 1m mediately P: 
sddit hot } temps e of about 200 Fo wa ipparent The first four months on the new blowet! 
ised. Th additional blast temperature which had } ved record tonnage and coke rate It was esti tn 
be available fe a short time before blows Wa mated at that time that production was increa ed she, 
; A \ 
tome ims : 
\ 
tat 
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Fig 3—No. 4 fur 
nace did not show 
improvements with 
mittal use of the 
tive stage blower be 
cause of the cond: 
tion of the furnace 
lining. After relining 
im March 1950. a 
marked increase im 


tonnage and improve 


ment im coke rate 
was noted 


W 
¥ 
A 
d 
\ 
‘ 
i 
4 4 ‘ 
. 
ha ! In December 1949 and Janua 1950 while No. 4 
) ‘ i furnace was out of blast, No furnace was blowr 
‘ the end of " N $ five-stage | we During these two month 
' ' fucth tapered tl furnace estat hed new records f coke and 
the luetion rate Coke rate iveraged 2072 |b for 
4 ne the teu month and productior ate was 884 net 
t ed, but r ‘ tons pe lay. Th was an improvement over the 
t 1 Cor mont on the four-stage Diowe f 181 
5 t ! ‘ t f coke and 98 net tons iron per day. Since that 
= f N if ! ‘ The time, although every effort has been made to fa\ 
t eration on N 4 fu th furnace with scrap and ore it has averaged 
‘ ‘ ‘ ‘ sbout 800 net tor i nm dav. and coke it 
4 ' t} e | t te have been 200 to 250 Ib higher than No. 1 furna 
t id not ‘ N ) and 6 Fairfield blast furnaces are identi 
ten ‘ t furt with 23-ft hearth io tuyere 40.101 cu tt 
fw KM volume, and have four stoves each wit! 
| m0 ked 
; total heating irface of 428,400 sq ft per furnace 
we Fairtield the newer and more modern plant with 
2 ‘ i fa it i al it to Dette tr 
: those at Ensley with the exception of the blowing 
; equipment. The ‘ and coke used are from the 
? me source, and the practice at the two plant 
essentially the same. Prior to the Ensley modern- 
i ition program, the Fairfield coke rates averaged 
mt ximatel 75 Ib pe tor than comparable 
‘ furnace it Enslev. The coke rates on these two fur- 
nace icomparable pe od are givet nm liable li 
7, = Thus it can be seen that there was no correspond 
a..t 
mit veoment n coke ate it Fa eld N 
‘ ind 6 furnace Fairfield No. 7 furnace also showed 
’ ! mprovement in 1949 \v 1945 to 1946. Data 
not er nce it wa ebullt nd enlarged in 1949 
) Ihe th f 
ind the tf ‘ are not comparable 
to N ductor ites 1950 and 1951 f Fairfield 
>and 6 furnace ind Ensle Vo. 2 furnace are 
| 
} ‘ n Table Il 
It has beet neluded that with no major change 
€* xcept in blowing power permitting the use of | } 
\ excel ying pow 
‘ t temperature Fairfield N >and 6 would ex 
‘ ‘ eed the esult btained on N 2 Enslev especially 
ew the eute nurnty f tuveres and ia 
t . In the standard cost accounting system budgets are 
eine ‘ ected f ll ma tor which affect 
na ‘ } thy fr 
ke rate $ 
7) 1952 


Table II! Production Rates tor Fairfield Furnaces 


Ave Net Tons tron per Day 


tairticld bairfield 
Ne No ft 


Coke Rates of Fairfield Furnaces 


Neo 


Lb per Net Ton of Iren 


furnace 


No 


burnace 


Table 1V. Improvements in Production and Coke Rates at Ensley 


Adjusted Improve 


Purnace Harve ment 


Production Rate, Net Tons Iron per Day 


Coke Rate. Lb per Net Ton 
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mth 194 na vere ive azea 
moder tion. Th base was adjusted each mor 
ed, 1 ture t t carbon u ke nd 
42 , 
n vements have been available to date, July 1990 
tt igh June 1951 
The adjusted in ement f the three furnace ; and aded existing turbo-biowel to about the a 
thus 4 idifior tor ‘ n pe jav and mit of the capacit rt ed to operating difficul 7 
f 284 lt f cok re tor tie ind egul which could be overcome 
af the din n attempt t oh pre ire wel of great capacity. Thu 
er ts by tablished chemica t ca nd mited blowing capacity prevented the realization a 
thert nciples. TI hetter than the usu f the possible benefits of fine ed ore and part of ie 
P to explain whv the mt vement noted are accounted for by 
te and detailed study of ich a complex ibject : 
nnot be presented here. The ain merely to pre Effect of Driving Practice a 
ent nt of view with only occasional resort ' The outstanding difference in southern and north- fs 
ern blast furnace practice, except aw material 
the forced descent of the stock by pe rodically rae 
educing the wind volume and pre ire as practiced \ oH 
Table I n the south. This method has been used continuous! Be 
at Enslev since 1904 and earl and perhaps or a 
ee nated at tl plant since it was not in common Us¢ e 
it other southern blast furnace plat as late as 191k 7 
Because 1 the low on content of southern ore (37 eS 
2 2299 
oe ’ 2 net) and the necessary high coke rat the bulk i WV 
jensity of southern burdens is too low to maintain 
st 2 22 
free trare iwainmst the ij ishing ease where the | 
pre ire drop exceeds 12 to 19 ps! By the imple i es 
It believed the ‘ ilt btained can be attributed expedient ot lackening the wind at interva ana ' ie 
t four caust l The effect of conditioned ore etting the stock travel in short ste} ather than a , 
burder 9 the effect of driving practice }—the continuous downward movement, greatly increase | “ 
effect of blast temperature; and 4—the effect of pre blowing rates with resulting higher production rate ‘—P 
were made pt ble 
These effect f course. are mteresting and a The practical limit fo blowing rates with present ; i4 
change u ne usually produces a change in one ¢ practice on northern furnace the limit at which ce 
of the othe Howeve for convenience they “ the tock will descend freely without hanging and is 
be take! i} eparatel and then the overall effect ppins The actual blowing rate ive well below - 
‘ be considered the limit in order to maintain regularity of operation a 
ind a margin of safety since the increase in blowing mn 
} oy "7 ¢ net at 
Effect of Conditioned Ore Burden ite has a cumulative effect against free descent of i, 
E the tock an increase of 10 pet in the blowin} rate 
> 
) ised at Ensley, mainly Red Sioun 
eq ‘ an increase of 10 pet tock descent rate 
» hematit hut witl nt f native 
; : ind the pre ire drop through the tock, which | 
brown ore (limonites) and foreign ore e crushed * oa 
pete the main uplifting force, will usually increase much we 
eened t e. and blended at a central e cond 7 a es 
tioning plant erected for that purpose on Red Mout : a 
By contrast outhern awctice mo counter cur- 
tai if 1940 The «iit hed at 1 epal ite 1 mts Bai 
ent action need be maintained and the theoretical git 
‘ ‘ coarse, 1 16 to 1 i ind ediu % : 
“ mit the ute at which stock wil be blown out of Ss 
to 13/16 in. The :/8 in. fines are mixed with flue Me 
the furnace. The actual limit the amount of wind oe 
ind ntered continuou tvpe daow!l iralt 
: that is available and the pre ire against which vol- ee 
machi Crushing varied slightly to try to mai 
tain a blast furnace filling of ap} ximately o0 pet 7 
ore, 25 pet medium ore, ane pes 
? to 1940. ores were crushed at the mine tipplt - 
t a? e of about 4 in. and charged int 
with or without the screenit f 
fines. The Red Mountain ore a very hard dens ee - 
hematite of low pé tv and was difficult to reduce Pe a. 
mn tne large sic Howev even when fines wer 
charged, it gave a relatively open bu den. With the to. 2 108 42 219 e 
N 4 1003 “4 
ner ore burden. after conditioning Was begun, pre ii 
tres increased even with the same Dlast ime. It 
found that with the more rapid reductior wed 
bv the bette preparatior f the ore. n e wind ¢ ild N 2079 200 2 2 ip 
No. 2 2277 ‘ 
be nd ite were reduced No. 4 
Tt combinat } der ea j 
ume of wind raised the blast pre ire about 4 = 
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Fig 5—The furnace 
moves easily when 
pressure decreases 
between slacks, as 
the blower bucks the 
pressure and opens 
the burden. as shown 
im the chart af left 
In the chart at right 
the pressure builds up 
to peaks before 


slack and moving 
ss difficult 


= 
tA A Pu f 
tye tock - — 
tockhouse rod 7 YA 
\ / 
with it affectir inothe Ir ase 
‘ nditioned burder It not meant t th tate 
‘ mt t t capacit A my ed t furt t trie 
t t TC! t ‘ i ‘ i the decreased wind, and it n be hou n 
‘ build p to peaks before the cK and 
‘ \ J 4° 7 
\ sid \ . 
CASITA 


emen 

reduction 
le 

gh the blast 


limit. A 


! th doing only 
coke 1 1400 Ib 
625.000 Btu per ton 
jown 25 pet of 

rth 


the nex 


al 
per 


iron 


ot bla 
olid carbon in 


1210 Ib pe 


Id be 


iced 


ope rato! 


ise bla 
had 2000 F 


lent « 


t te 


even 1000 
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: 
a 
eration was uninte ipted and excellent coke ana mple enough a hown in the equation for lid ; 
FeO 2 Fe CO 4111 Btu 
cveen) 
60 time m | Ti e thar vercome the . 
higher ¢ t t r te | ble. Furthe the wing The CO g¢g formed will perform the ame fur Set 
‘ t DY Kir t ta t el educt is the CO gas f med by combus- 
nee pre : n be reduced in mucn great tion of carbon with a ind will tremendously reduce a 
u that ) pet deere nm pre heat | t nee the ve ime of ga produced pet 
tecre e the \ ime < pct na of meta reduced 1 approximat« Iv 1/12 the 
‘ 
volume of gases per pound of metal reduced by lr Bs 
Effect of Blast Temperature lirect reduction by air and carbon. Further reduc- ‘ 
B t temperature perforn tw my tant fur tion by the CO gas at the ap] ximate equilibrium oe 
tior ] It fac tates the attaining of high tempera rat of CO/CO. of 1:1 give a 
th he +} ne nda lhe heat unt? 
1/2 FeO CO Fe 15CO 15 CO. ( 263 
with ty jucing ga iby} 
Btu pe b oxygen) or at the good actual furnace 
‘ functior fr duci heat intensit 
inderst i and appreciated by all operat Blast em 
furnace operation not feasible if tne n and slag 1/3 FeO CO 2/3 Fe 2cO + Co 
not above the crit temperature (the free we 
nning temperat e) where it will run out of the The immation of the two equatior ook: 
fornace and into the idl Blast furnace men have 
Pore FeO 2 Fe 
i but veat 1 ove a ¢ i furnace trying to 
FeO ke CO 2 CO 
\ ‘ k coke down into the hearth to get the heart! a 
back to proper tem} iture. It hard ir} ! hows a p ble carbon rate for a net ton of tron - 
then that blast furnace perat have longed f (96 pct Fe and 4 pet C) of 543 Ib or in terms of rc! oe 
toves that could furnish them with 1500 F hot blast coke. a coke rate of 630 Ib. This, of course, Is only a 
to help then it of t ibl It has been a rath the coke required by the chemical proce and a net =e 
bitter experience for engine ind top management iditiona vurce of heat of about 2,500,000 Btu per o 
to build st é vhich w traight line 1500 F and ton of iror educed t this method i equired oe 
then find the operat jay after da ising or High hot blast temperature certainly a source af 
1000", 900 800 F. It also has been the frustrat- for this required heat, and blast heat so utilized a 
ng experience of the operat to cut the burder would furnish tremendous fuel economies as ha been ae 
A he dared in the blast heat ip to 1100 iemonstrated by P. V. Martin The saving in fuel ae 
1200 F and ther ee pre ire rul it intil the poy is accumulative because the more direct reduction fie 
nen. the { nace lip and | and it the le alt required, and the le heat is lo 
i ! top cor ete top vases both in sensible heat and as fuel in the ae 
The ve t th conund een ‘ be that forn ‘cot atisf the equilibrium re 
t much of a i thing can be had as fa Obviously though, the amount of dire a 
tomnerature concerned. and if the work done be possible is limited since le air require , 
re ere confined to the meltu of the heat brought in per ton of iron even thou *y 
i f 
ind sila ind removal of impuritth too i temperature ¢ be increased without 
temperature btained in the hearth, and « e- proper balance bet weer direct and indirect reduction eye 
nondi! the temperature gradient above, so that is the most economical if 
the ore and gangue become sticky and viscous well The pe ble economies can be seen by a few a 
p in the bos! nd perhaps even into the stack imple calculatior If a furnace is operating effi- Bs 
These objectionable effect f high blast temperature ciently at Gruner ideal, wit ll reduction taking “ 
ire not experienced where magnetites « inter are place high in the furnace an 
ed. Much } ne temperature can be carried refining and melting, at ws 
the mont} even on furnace that d not tor f an additior 
have ! h pre ire blows In these ca the heat is put in by the} a 
‘ ed into the furnace by the bDiast ised t lis- the ore to be red a 
associate the moisture f lid direct reductior the resulting coke rate wouliie HEEPr ton of 4p 
r ore Since these are strongly endothermic re- iron. This rate has been approached in several test 5 
pies the heat " bed in the lower bosh with- runs on large American furnaces. It is suggested also a 
t the unas ble effects t her in the furnace that it would be imp ble to make the furnace take a 
The question as to the value ¢ ce ability f the additional blast temperature without seriou bE 
jirect reduction has been debated b blast furnace operati difficult inle the heat 1 absorbed by ee 
men since the turn of the century with no agreement olid reduction or other heat absorbing reactions be G 
It ‘SS ild eer! th it re iit in ecent vea whe the t iyvere 
furnaces on special tests in routine operator This concept perhaps explains why the Hs on 
have bettered the fuel economy of the -called ideal ising eastern or foreign magnetite a .e" 
perfect furnace operation of Gruner or Austu peratures of 1500 F and wish they and ie 
pparent niv by havir irge centages of direct the Chicago district operato with | Boke 
eduction. wv ld } convincir proof that a new rates find it difficult at times to use Zi”! F r. 
te oO tandard method of furnace operatior Of course Grune ideal is not even approximated - 
needed on Ensley furnace However, because of the hig! 2. 
The chen principle of lirect reductior im CO/CO. rati In top ga probably all reduction wa 


wm the 
m the chart 


ugh an En turnace operating 


Etfect of Pressure 
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‘ 
| + Fy ‘ ‘ 
| ‘ i | ~ 
od 
| 
} 60 thy wind 
lec norenand al check 
| a +) n ‘ it 
: | 
| t ‘ ‘ f hown in 6 It 
t F the mm f the 
Phe t nd ue tach ‘ ires thus have beer 
‘ ‘ pre ‘ ‘ ed benet 
f where high pre ‘ ed and 
: z ‘ arit of te i ncan t na ead. ine 
Y ‘ pre e tre te t 
a ‘ the ter t int t ) t 
ecrease elo ‘ ea 
; Pers eased the time the ” vere retained in the { r 
Ay minat f the the etic rect hie 
n the comt t re Diast I nace 
© eauds to the conclusion that increased pre fa 
fins nda re ting henefit to the furnace econor 
Summary 
Fig The mo portion of the pressure > ‘ alla 
porteor the stack as con be seen fr ve it fuction tes have uw 
actual pressure drops thro eused and cone tes ed. On a 
normal pressure 3U ps bole } eston ted th the thre« 
Ktent f the ement } ed ‘ 
‘ } ar a ith i t ‘ } ae } t 
+} ht that 1 the provement 
ect t rhe pre t Dene ‘ ‘ 
t? ‘ 4) ect P tu ‘ it 
Jown unreduced bv the fast« the fur: 
vement whl h tend ¢t et nace pre ‘ 
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This timely session held on Tuesday morning, Feb 19, 1952 at 
the AIME Annual Meeting was sponsored jointly by the Extractive 
Metallurgy Div and the Minerals Beneficiation Div J H Jacobs 
U.S Bureau of Mines, Boulder City, Nev, and John D Sullivan 
Battelle Memorial Institute, Columbus, were Associate Chanmen 
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anqanese: sources an ene iciation 
SSIA was the United State Number One source because f it iallv high grade wt h permit 
f mal rest e in 1948 wher 4 pet of lerable atituce n blendit with the we 
t t ect 1 m that i tated N - le materia of South Africa ana India 
wood B. Melche tant chief, fe is metals and The Belgian Congo should have an output of 100 so 
i neh. Bureau of Mine In 1949, tl cour 100 tor more annually beginnu this vea i 
t eceived 20 pet of 194 hipments frot R.S. Dean presented two pape One with K. M a 
R nd onlv toker int ire now ben Leute n } jrometal cal methods to ecoverys 
\ ‘ amming ndustry and f manganese from domesti re and one a ole 
ert ent t iited im } mpt ncreast the o-called te « Dean proce 
ments from ma t juci iret Ind Goid The two papers tied into each other. In the first met a 
( t ithe | ! f South Africa all increased tioned he reviewed the various process appleable 7 
eX ts t the vacuum left by Ru i and | ty oxidized. and nononidized and reduced ore The Os 
ted nm exce idequate t ease tot mport ;ivantage f each were nted out 
il mate "90.000 st t tor n 1949. So far the or tried on a ibstantial scale 
1950, and with even Ie re from Russia, import n oxidized ores was the SO, proce ised at La : 
ncereased another 290,000 s! t tor Since the shift Vegas. Nev.. on Three Kids ore during World War Il aan 
Ru 1a i f manganese, the United yblen vere encountered. Some f then 
‘ Stats ere ed in tot: it it 85 pet f it were whipped while me of those remainit 
t< from India. Union of South Africa, Gold Coast haps would have been whipped had time pern tted os 
ind B n that orde f importance Since then work has been done elsewhere to avoid ia 
fi manganese have been able to adjust downward ered at the Three Kids plat Dean discussed the a 
the mar ne<ce content of the home-cor med prod thionate and NO. process ipplied to oxidized ~ 
ind btain partial relief. Milli of t of : 5 
were j ed it 195] a ith elat ‘ The only commercial ised proce n reduced 
made wit t decreasing the ilitvy of the stee the that have been considered are the nitri < 
t} h witl we increase in cost tl igh intro acid proce the Bradlev-Fitch ammonium ilphute e 
fuctior f new probler neludir ncereased hand proce and Dear ammonium carbamate proce 
of material and wdditional removal of carbor Dear the was that extremely large tonnat 
Forced into a pattern of price and grade structure { so-called low grade manganese ore ire avatilat a 
ich as exists today, the oducer of fe mat merce ind that these s! ild not be depleted in attemptit am 
’ ne of three po ble ‘ } llate a orel siurgica ore ‘ 
nee ‘ rn l He mav continue t ie ete | pomnted it that the ade of the domestic mang: e 
tandard (78 pet) fe nese ores would be considered high if the same ade 
na that the fut ow } ‘ were found in copper ore The se price of elec 
fre of her atten nroduce 7 net f th mal ind ivtl coppel ure 
bv paving | he pren oughiv the ume 
‘ he mav drop the grade of ferromanganest In addition to electrolytic manganese, he belt S 
na <tretc toch ind fut ie of ore as that domestu 1 be ed to make excep- i 
1 1a itu a 
' } tionally high ide product These n ht be batters ha 
The present rundown condition of Indian railroad ide oxide or substantially pure oxide sinter, which <e 
tributed to the fact that the service has had n¢ might be used for high manganese loys or for u a 
te nee the beginnir metallurgical grade manganese to produce a 
W i War II. while the demand for the movement anganese ferroane oe 
€f commodities has probably increased The carbamate proce is based on the fact that ae 
The Ur f South Africa has expanded its ex anganous oxide oluble concentrated 
t ts to the United States great nee 1948, but the ammonia lutior containing ammoniun alt it ee 
be f that count n 1951 wa lisappointit olutions of sufficiently h concentration the mat 
Fiforts have been made f ome time by firn ' inese exists as an anion. Lixiviants of ammonia and a 
the United States, at the urging of the manganes« ymmonium carbonate permit extraction of the mat — 
miners in the Union. to prevail on the ra id author ganese from reduced ores and the manganese can bt gar 
— nt and make ible | er allocatior f recovered as carbonate by heating or by driving off a 
ca for mat ore movement. As a whol icl ‘ tla 
efforts have been unsuccessful. Although the alloca- R. V. Lundquist presented a paper on upgrading ps 
‘ hinnir ha been the ot ‘ factor M-silica ore or concentrate wit! odiun h 
the decreased movement of ore, many othe! le de- iroxide to extract silica and to eld a product wit! an 
terminate fact sppear to be involved more favorable manganese lica ratio. The NaOH ate 
Bra ng an important ipplie f manganese is regenerated in part by CaO a 
the United State ha mportant manganese de- 
{ ts in three areas, all of which are nificant t - 
+} 
The Gold ¢ t in imy tant irce of ipt ve 


Conserve Diamond Bort And 
Cut Hard-To-Machine Materials 


With New Machining Processes 


With the conservation of diamond bort of special interest, potential 

values of new processes for machining and grinding have been eval 

uated by the Minerals and Metals Advisory Board of the National 

Research Council. This abstract was prepared directly from their 
report 


New Processes 
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? 
to be several processes under development in tt 
tt t ! i wheel ndir perations or have 
t te ties for machining and nding hard-to-machine 
: ‘ these t nt t materials that « badly needed f our prepared- 
+} ‘ ind feature f ene the ct cur- 
jrement situ ently practiced or leveloped in the United 
State — r proce ire ber ped broad 
t ! t. The formed by a revolving metal dis ithode in close 
wwplied to the disc and workpiece in th ame 
t tl port. A meta bide It appears especia uted for 
t t! ‘ tor ‘ mited where ve mi irfaces need be 
\\ \ ‘ f le than 25 nd usu hetwoer 
In ‘ true « hen wctior 
195. 


Table |. Important Machining and Grinding Operations and Estimated Applicability of Methods 


Use of Applicability of Wethods* 
Diamend Diamond 
Hert Wheel blectre biectro biectre 
Item or Operation Pet Grinding ty tee sparking arcing 


mented carbide 


Electro-Sparking Process— 


Combination Processes 
es described above 


Electro-Arcing Process— 


perforn 


1 electrolytic 
nga erina 
predominantly 
mnt es but there 
iperimposed. The 
mechanism O18 


ation could 


Potential Applications 


the applicability of ne 


rasonic Process—A 
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titra 
sonic 
< ht t ‘ 
e f ? fing but Pt ef 
takes place in accordance with Faraday's Law. Witt electro-processt described above, the ultrasonic ey 
fixed current density. the ite of stock removal t proce doe not utilize electric current directly fo Lae 
tern t ime pe init of tire proportional t tock removal. Cutting or stock removal accom oy 
the effective area of the work exposed to the electro- plished by abrasive action at, high frequency and “ 
th tior Catnoade mode pacing and polariza- low amplitude Unhke the elect: proce the ultra 
\ 
tion effects appear to be critical factors in the elec- sonic technique grinds nonmeta nonelectrically ar 
trolytic process, particularly for shaping or finishing conducting bodies as well as electrically conducting ‘ 
materials 
th mic prox t} euttu rindit 
method, stock isually removed by making the tox isually vibrated the equency range tron | a 
york ne of the electrode n a properly de igned 16,0 per s¢ it an ampl i 
‘ R ile ed rent { la Ose t rre e thar ifew tt isandtl of ar neh The 
} we hoot RO a 
{ the park iisch ge type passed between the abrasiv « Dor cart 
vork and the other electrode in a dielectric fluid carried in Wa ol and work. Other 
lhe method ised for removing stock from ele t ind abrasive compound ich as aluminun a 
oxid nd cor ma } a but t 
trically conducting ich a meta or meta na cart it ised bu hese de t 
arbides and especially suited for forming sma not last as lor is boron carbide. Consumption of a 
lamete deep holes of ar hane the tool occurs grinding and machinir 
The electro-sparking proce characte ed by —In addition to the fou = 
i ul eu mact nay ( vised 
' not experienced unde leal operatir cond for effecting combination of ome of these four on 
tions. The range of voltage usually employed is be processes. For example, the combination of the ele« oh 
1 
tween 40 and OO YN lr i pure electro-sparkins trolytic and diamond whee rinding has been tested -" 
proce the elect i harge nitiated by the volt and ber leveloped. For th combination proce te 
ea the helectri The proce electro i metal bonded diamond wheel must be used for the oat 
mechar nd not electrochemical (as the electre athode The diamond particle act as insulating - 
tic | ess) The stock emoved by a sparkiur pacel eparating the work from the wheel, and a ae 
wre nd the met or meta arbide part a raper " 
carried vias ispended in the dielectric fluid Machines have been tested and are being designed i 
Cutting by the elect for effecting machining and grinding by electrolyti _ 
icing by making the work and or electro-arcing actior Phe same electrolyte 
inode with an arc maintained between the work and or more than one electrolyte might be used by the } a 
the cathode. The method u lly utilizes 1 thy ime equipment which will serve for either the elec ey 
lirect current using a moderately conductir elec tro-arcing or the electrolytic proce a2 
ich as water a olution. It especial] Flectro-arcing. electro-sparkin 
litable f apid cut-offs of hard metals and car- ictions might occur simultaneou re 
bides and may be faster than existing cut-off pre ng or cutting operation. Mach oy: 
¢ jure Howeve na pure elect -urcing proce operate ithe ba of one of the } 
mewhat rough fir he ‘ btained may be othe proce mechanism =e 
In the electro-arei proce ow voltage of less apo pr tor ot more thar or 
Az 
an 25 \ isually used rel a pi ¥ 
the « et -disch P nitiated bv contacting the marked alte the re ilt obtained ant 
electrode ind current carried bv vaporized metal rhe ultrasonic technique might be used in combi- “<a 
. The proce commonly characterized by the a ) with one of the electro-proce ‘ ich as the Bee 
jet tion of some nonconductin film (sue , electrolytic one. However, this has not as vet beer or 
\s in the electro-sparking method, electro-areit To evaluate processes fo 
essentially electromechanical in nature, in that the machining and grinding, it necessary to consider 7 
metal or metal carbide is not removed by an elec- the pertinent or important job items or operatior ss 
Fight important machining and grindir type opera 
Ul EEE. differentiated from the tions are given in Table I. They are listed in order of - 
4 
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Recommendations 
® the ‘ i, P roent «off t 1 
t t nad Phe Arn Navy, and A Force explore the 
*tlenech tave nd cate eeK Tund 
the f the nee f these bjective where gov 
4 ‘ ed. In the event that the 
‘ 7 t ‘ ire tisfied that the development 
i} lat i techn jue ‘ entia n the 
' bat ment have a high incentive to participate u 
i +} tes rn which will accelerate the development of 
if the technique One of the helds which can be { 
ind efficrenth ponsored by government 
F wer ‘ m the irea of fundamenta ind 
Additior un h. Fundamental and basic programs will pro- 
tort bef thease vide essential background information t ndust 
thr hine development work after industry 
} buy t heiptu 
+} Industry st ild be enc iraged to accelerate it 
t nece forts esearcet ind in machine development 
j | mn performance test tow | bringing these 
9 
tt it hie processt nto indu il use j oon as possible 
‘ ne Government cat i t ndustry a number of 
t 
oT \-Bv maku ivailable needed equipmer 
i elec 
nad nd ippli B-—-by calli attention to urgently 
machining and grinding process nd C—by 
contracts t ndustry peciiic end item pro 
totvpe equ nu the new ‘ 
j of An educational pr in ild be undertaker 
‘ t tical diamond bort Ipplyv } i elationshniy 
: t i te the operator The wasteful use of diamond 
' as tn ould be discouraged. In additio pul \ 
no Rivet to the new pron ne proce 
j . P hich might mn time re eve the lian nd bort hort- 
‘ Mis The educational im may take on a variety 
i 
‘ and could be handled in part DV a prope 
' " vernment agency ich as NPA, whicl pri- 
ma vy concerned with the fiamond bort ipply 
H blen ich as edit trade irna 
technica wore tie and speciti ndust il orgar i 
tion hould be asked to participats nany educa- 
tt hye t committee should be set up to disseminate 
‘ ment w esent and future pertinent inftormatior lealing 
exter e pe vith machining and nding proce ‘ ise of 
mack vernmental agencie It appea mportant that 
there be some centralization of ison and coordina- 
+) that the iiftferent government ager ‘ car 
perly informed and advised with a minimun 
' ‘ f unnece duphecation of effort. example 
tas ‘ the Office of Technica Information Service Com- 
mation A r Dept f Defense i pe 


Isothermal Transformation Characteristics 


Of an Iron-Chromium Alloy of Titanium 


A commercial Ti-Fe-Cr alloy, Ti-150, exhibits a martensitic trans 


formation on cooling and two nucleation and growth reactions, one 


above and one below the ° 


region, on isothermal holding below 


the single-phase 3 temperature range. The reactions were followed 


appheation 


i it i it a@lioy makes Increasingiy 
irgent an adequate knowledge of the effect of heat 
treatment on this material. The work herein re- 
ported is an attempt to determine certain aspects of 


available alloy, Ti- 


The alloy, with a nominal composition of 2.7 pet 


Cr, 1.3 pet Fe, 0.25 pet O, 0.02 pet N, and 0.02 pet C, 


was received in the as-rolled condition as a *4 in 
round. Slugs 0.11 to 0.12 in. thick were cut under a 
coolant using a leon carbide wheel. Preliminary 
“ K established that the alloy consist oft two 
phase (hexagonal close-packed) and gs (body- 
centered cubic), at temperature below 1750 to 
1775 F, and of only 8 phase at higher temperatures 

The slugs were heated for 1 hr in air at 1800 F 
to form a single-phase 8 matrix, then transferred to 
molten tin (1250 to 1650 F) or lead (1150 F and 
below) for thermal holding Holding tempera- 
tures ranged from 700 to 1650 F, times from 0.001 
to 23 hi The treated slugs were then sectioned, one 
part for metallographic examination and diamond 
pyramid hardne the other, after deep etching to 
emove the high oxyger irface for comparative 
lattice parameter determination and X-ray phase 
identificatior 

Hardne measurements were taken on the lightly 
etched irtace of the metallographic specimen a 
1000 g load on a 136 diamond pyramid was used 
Five impre or on eact ample were made and the 
iverage of the hardne calculated 

The use of microhardne measurements to follow 
the course of an isothermal transformation reaction 


C. W PHILLIPS, Member AIME, is Instructor, Dept. of Chemical 
and Metallurgical Engineering, University of Michigan, Ann Arbor, 
ond D N_ FREY, Member AIME. formerly with the University of 
Michigan is now Member, Scientific Laboratory, Engineering Staff 
Ford Motor Co., Detroit 

Discussion on this paper, TP 3258E, may be sent, 2 copies, to 
AIME by June |}, 1952 Manuscript, Sept 7, 1951. New York 
Meeting, February 1952 
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by metallographic, X-ray diffraction, and microhardness methods 


Table | Type | Reaction Temperatures and Times 


Tempera Time of Time of 
ture, °F Start, Mr finish, He 


undesirable because of the possibility of wide 
differences in miucroconstituent hardness They 
were used in this case, however, because of the 
small amount of material available. At the higher 
transformation temperatures, where the above- 
mentioned objection was apparent, the readings 
were proportioned to correspond to the estimated 
ratio of transformed and untransformed constitu- 
ents present 

At lower temperatures, resulting in much finer 
muicroconstituents, the microhardness measurement 
were more uniform. The standard deviation of the 
mean of five impressions calculated from these latte: 
values was 4.2 DPH. Employing 2e limits (prob- 
ability 0.95) the experimental error of the hardnes 
measurements averages was 8.4 DPH 

The etchant used was composed of one part glyc- 
erol and one part 48 pet hydrofluoric acid.” Of a 
number of etches tried, this one appeared most satis- 
factory. All micrographs were taken at 500X mag- 
nification and with oblique hghting to permit easier 
identification of the acicular structure resulting from 
rapid cooling. No advantage was gained by using 
polarized hght for metallographic examination 

Phase identification and lattice parameter meas- 
urements were made with a North American Philip 
high angle spectrometer in conjunction with a re- 
cording potentiometer. Considerable difficulty was 
encountered with some of the lattice parameter 
measurements because of the extreme broadness of 
the few diffraction lines obtained from samples con- 
sisting mainly of trained, untempered, quenched 
structures 
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4 
HE rapidly expanding engineering A 
1650 ool 10 
150, durir heat treatment 1500 0.001-0.0 ©1-10 
145¢ 0001 01 
1300 0.001 0.01 
22 


at Aciular Fig 2 | he ot 1650 F tormed by Fig 3—10 he ot 1650 F Transformation 


hing from holding both nucleation and growth in acicular « motria complete 


nucleated ’ 1 hr ot 1300 F Fig. 6—145 hr at 1300 F 


motrin 


sothermally transformed Etched im 50 pct glycerol, 50 pet HF X506 


Results and Discussion 


t nat rn 


Addit 
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| 
4 * 7 
fy!) 
Q 
\ \ / 
\ \\ 
\ 
A> / 
\ 
Fig 
formed on que 
Fig 4—0.001 he ot 1300°F 
Figs | 6—Micrographs of Ti 150 alloy after hr ot 1800 F, 
rie it 1625 | of oxvger nd nit en to 
4 : examined titanium raises the transformation temperature’ and 
thie the explains the present bserved high value of 1750 
| 


Fig 7—O0! br ot Aciculor hr at 1150 F 161 he ot 1150 F Tempered 


formed on quenching to 1150 F acicular 


Fig 10—0.01 br ot 1000 Aciculor « 10 hr at 1000 Unknown 
tormed on quenching to 1000 F constituent in matrix of tempered acicular 


Figs. 7.12—Micrographs of Ti 150 alloy after 1 he at 1800 F. isothermally transformed Etched in 50 pct glycerol, 50 pct HF. X500 


13—1.0 hr at 850 F Fig. 14—16.1 hr at 850 F Fig. 15—23.0 hr at 700 F 


Fig 
Figs. 13-15—Mucrographs of Ti. 150 alloy atter 1 hr at 1800 F. isothermally transformed Etched im 50 pct glycerol, 50 pct HF. X500 


X-ray evidence I n presence ot 
Was obtained 


rved overt! 


ght reasonaDdl\ Typ xten g tron ngle-phase tem- 
expected at m temperatul below 1100°F typical nucleation and 
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Fig. 12—145 hr at 1000 F 
4 
J y ; 
tions! f the ystem containing the alloy under tt eaction fe 
tins oxvgen. nitroger ind Three basic types of reactions are obse 
carbon. anv on the Ti-Cr-F¢ tem. The available the temperature range of thermal holding in- ee 
nformation on the titanium-rich portions of the vestigated, and hereafter will be referred to as type ae 
binary ter however, ind I, 1, and 


temperat 
Il pre 


or the formation 0 


latter formed by the marter 
Etfect of wothermal holding after | hr at 1800 F on r 
the diamond pyramid hardness of 150 


rrespor ding to 
hardmne 


nitial 


decrease wi 
value The low tempera 


ith tin 


in hardne 


type 


formation 


‘ 
ot 


react 
holding allows 
o the mati 
Effect of wothermal holding after | hr at 1800 F on 
the lattice parameter of the 


phase of Ti. 150 


Fig. 18—Determination of the M.-M 


region of Ti-150 on 
the basis of diamond pyramid hardness of samples transtormed 


0.001 hr at various temperatures after | hr at 1800 F 


Reaction Temperatures and Times 


Time of Start. Mr 
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19—Tentative TTT diagram for Ti. 150 
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— The X-ray diffraction patterr obtained fron 
martensitic sample although consisting of broad 
lire were apparently only from hights trained 
and not a transition structure 
“ Type III reaction commence omewhat above 
> o. . 00 F and is shown in Fig 10 to 15 as the forma 
~~ a . tion of dark-etching regular plate which in- 
bone | x crease in number and decrease n ze with de- 
Table ts the time-of-start estimates 
‘ — | the reaction. Completion times were too uncertain 
i 
= = | to be significant. Th reaction is believed to be 
7 4 . | either the transformation of small islands of retained 
J 
nt from aciculal the 
te reaction on que nch- 
Fig 16 nes measurement are 
eries within the Type I 
transformation temperature range (above 1250 F) 
| lecrease in hardne from a higt nitial value at 
- ute which are inverse functior of the tempera 
| ture. Intermediate temperatures (1000) to 1150 F) 
os . the Type II reaction also show a 
it have much lowe! 
ture serie how ar 
| increase to a Maximum 
| characteristic of the effect of precipitation fron 
| The hardne results are explained on the basi 
noted Down to 
| 
relatively ittle 
| transformed to 
a hard product 
vy related to the 
| 
4 ‘ t 1 to 6) Abowe 1550 F, nu- seo} 
ener +) hout the matrix | | 
4 The tructure the eaction 
‘ ‘ { ‘ ck \ | 
i6) On quenching from the holding bat! | 
| 
3 +) i by of th reaction 
te the titres are presented in Table! 
% 
formed t evident The 
te ‘ t ‘ ‘ vradual coarset 
‘ felineatior f the individua | 
} | | 
t ‘ extends from abou 
| 
j ed ipor 
t? ter iu ut ite 
Table 
Temperate 


ifte complete adepe 1 nm the 
t int of a and ind pon the 

t vhict with nhighe ve tent, does 

t t t martensite but etained I 

> 

rt ; itive ftness of the first samples of 

t ediate temperature series is due to the 

ipid relef of strair f the martensite matrix 


the Type II reaction is due to gradual coarsening 


f the plate structure. As the holding tempera- 
ire owered, the 0.001 hr hardness increases be- 
iuse of the decreasing tendency to relieve strain 


of time and temperature on the § phase 


The dashed 


ittice parameter | hown in Fig. 17 


e « esponds to the boundary separating the 
ind the nule-phase £8 fields, as determined by 

I 
e minimum 6 lattice parameter (maximum alloy 


ontent, since Fe and Cr contract the Ti lattice) at 


ven temperature With the exception of the 


hort holding time at 700 F, measurable £8 lines 
were obtained from all treatment The lattice 
al te roach their equilibrium values at 
jecreasing rate with decreasing temperatures 
here are no obvious discontinuities in the parame- 
change corresponding to the three types of 

( tructural changes cited 
The absence of a phase in the 1000 to 700 F 
ansformed sample ndicates that either the ter- 
ary eutectoid temperature has not been reached, 


evidence of the binary 
-Fe and Ti-Cr systems, © the transformation to a 
phase is very sluggish 

constituent formed at 1000 F 
after the maxima in the pre- 
passed, indicating 
High magnification 
reveal a discernible fine struc- 
but it is thought that the 
staining of a fine dis- 


curves are 
iat it evidence of overaging 
1 did not 


‘ within the 


examinatior 
partic le 
rR appearance s caused by 
pe on of 8 in an «a matrix 
Determination of the M, and M, temperatures of 
the martensitic transformation is from the hardnes 
ata at 0.001 hr holding time, Fig. 18. It is reason- 


able to assume that an appreciable amount of mar- 


must be formed during cooling 


in order that the total hardness may 


noticeably. Thus the M, may be placed 


at approximately 1300 F The M,., indicated by 
cessation of the hardness drop, is considerably more 
uncertain, in the neighborhood of 1000 F. These 
conclusions may be represented graphically on a 


conventional TTT diagram, Fig. 19 


Conclusions 
1— The titanium-rich Ti-Fe-Cr alloy 


hibits a martensitic reaction on rapid cooling from 


Ti-150. ex- 


the single-phase body-centered cubic 8 region to 
form a upersaturated hexagonal close-packed «a 
The M.-M, region is approximately 1300° to 1000 F 


2 Jetween 1750 and 1250 F, 8 decomposes iso 
thermally to a and £8 of equilibrium composition by 
nucleation and growth; nucleation occurs through- 
out the 8 matrix above 1550 F, and only at the grain 
boundaries below 1550 F 

3—-At 1000 F and below 


eccurs Causing an increase in hardness to a maxi- 


a precipitation reaction 


mum, and eventually the growth of a dark-etching 
constituent as yet unidentified 
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Technical Note 


Use of Etch Figures for Micrographic Investigations of Commercially Pure 


i fom published work of Lacombe and Beaujard 
has demonstrated the interesting application of 
etcn ! ire te 


» the determination of crystal onenta- 


n aluminum by a purely micrographic method 


aiu iu 


J. HERENGUEL is Director of the Department of Research, 
Trefileries et Laminoiws du Havre, Antony, Seine, France 
TN 100E Manuscript, Aug 20, 195! 
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Aluminum and Aluminum Alloys 


The geometry of these figures leaves no ambiguity 
and the method has the added advantage of being 
These author 
study of high purity 
now been adopted by Heren- 


applicable to very small crystal unit 
applied the technique to the 
] and it ha 


collaborators 


iminum 
guel and his 


commercial aluminum, containing up to 1 pet Fe and 


a 


to various researches on 


Si. This must modify the opinion pointed out by 
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startir time and velocity of the Type I reaction tensite Es to the hold- . 
I ing temperatu 
| 
I 
le 
a 
A 
17 
4 
: 


o moles cut teature Fig 3 Solidification texture with twinned leaves im semicon 


‘ ¢ ecaled 
purity lied and annealed tinuous castings of aluminum ¢ 995 pct purity 
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Lacombe s reagent 
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‘ 
‘ 
| 
Aluminum of 99 5 pct 
‘ — nes +} fort lof flat 
titative f-twit (see | h twit ented u 
ft cid tilr si) t the t nd of the ‘ iwhich 
te the ‘ t ‘ ' t cot ete ed) nad als« rm the 
m eithe f each twit B contrast. the 
t tw i nad ‘ i the mmediate me hborhood 
‘ fren constituent The ‘ of th 
t rent hi bear tirmed t xX tudie 
‘ ‘ ait? cl it \A ‘ etct fivure nave 
y 
4 ryt eat P tted ‘ na ¢ ate na and i 
t ble t iefinite identification 
4 licatior 
t t enera \ i oh } ‘ the tiem of 
= eapent of I mbe, the or eca n resid 
Wwe, 4 ercial purity, the etch figure e sometime 
‘ ‘ nd to measure the exa 
=> F Pot e and iJ Inst. Metal 
» IS Se nd N Grant: 7 \IME 
191. p 473: J NA » Mt June 
XXL. 2 
» ade 
. Aa ; 
‘ ( es Re 
Fig Aluminum of 995 pct purity Acad. Scrence 1949) it 
electrolytically polished and etched 9 Herengu ’ XLVI 
Cut testy see Fig 1 MIO 
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Sintered Titanium Carbide 


A pressure-sintering method was used to produce binder-free and 
very dense TiC specimens. Some physical properties of these TiC 
bodies were determined and found to compare favorably with those 
of certain cemented TiC grades. It was also observed that the hot 
transverse rupture strength of TiC bodies remained substantially the 
same regardless of the amount or type of binder material used 


TUDIES of the structure and physical proy 


Table || Chemical Composition of TiC Grades Employed 


a ‘ Com Graphitte 
tu Research aimed at determining and improv rm bined ¢ Atomic 
Pet 


rhe procedure for the forming of TiC powder con 


went fo ict efractorv material the lterature ted of mining ¢£ ray hite and TiH powder In stoi 
cribing the physical properties of borides or cat chiometric proportions, and heating this mixture in 
bick Wal eviewed. However, with a few excep- a H, atmosphere and carbon crucible by high fre 
sian eferences were found only to compo wr quency, to temperatures ranging between 1900 and 
containir it least one or more auxiliary bindet 2100 C (3452) and 3812 F). The powdered carbide 
me Cobalt and ch ire among the most fre was then comminuted and screened to the desired 
juently emploved cementing agent particle size rable I shows the chemical analysis of 
rhe melting point of TiC (approximately 3250 C) the two grades that were employed for the produc- 
nd therefore the ntering temperature, at whicl tion of sample during this work Jodie of Tic 
notable densification of a cold pressed TiC powder approx mately 25x1x05 cm were produced i 
compact « i be expected in the absence of a liquid vraphite molds that were heated by direct conduc 
bincde hiase elative higt Phe present stud tion. Sintering was carried out at temperatures for 
miuke ist fa high temperature, pre ure-sintering time ntervals ranging from approximately 0 to 340 
procedure, recently described by one of the auth ec under a constant pre ire of about 1.3 tons per 


An alternate method for the production of ample 
f ar cementi agent. During the course of th 

ih consisted in cold pressing the individual TiC grade 

t tud me physical properties of dens¢ at pressures ranging from 4 to 10 tons per sq in 
Mc bode produced by this method will be dis- and ntering na hvdrogen atmosphere in graphite 
! crucibles heated by high frequency induction. Sin- 
F W. GLASER, Junior Member AIME, and W. IVANICK are tering temperatures ranged from 2600° to 2900°C 
associated with American Electro Metal Corp, Yonkers, N. Y (4715 to 5255 F). Electrical testing was done by 
Discussion on this paper, TP 3288E, may be sent, 2 copies, to measuring potentiometrically the voltage drop over 
AIME by June 1, 1952. Manuscript, April 13, 1951; revised, Sept a length of 1.5 cm for a current of 10 amp at room 


26, 1951. Detroit Meeting, October 1951 temperature. Cro ectional areas as well as der 
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en: 
| 
q 
) 1 
of refractory materials have been intensified re 
cont hy, se of the urgent need { 
mi ‘ i ‘ ‘ 
boride has been accelerated with a view toward , 
ble use of ich materia n connection witt Grade ! ‘ 
t G ©2 oF i 
turbine Diade rocket nozzik and other high tem- Theoret ‘ t 79 20.7 
On the hypothe that the strength requirement he 
n connection with some of the above application Materials, Preparation of Samples, Testing Methods ae 


Fig Density ¥s sintering temperature 


relationship 


between 695,000 


roce 


cond 


of tome at temperature on den 
inet ‘ 


ation of TiC compacts 


Howe 


Table Il Influence of Particle Size on the Properties of Sintered TiC 


Transverse 

blectrical Kupture 
Particle site Demsits Resistivity strength Hardness 
Microns ret Microhm om rei Reckwell 


Average 
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because their ré¢ tows nser tivity smal] 
smount impuritie ed with elect 
irement effect eintering temp ture 
rel thy ler ‘ ay |} ] na 2 
rite termpe ture f the tu ri ade 
i San ‘ i heen kept at temps ture na 
| 
ince pre ire f ) se Tt time pe { f sae 
| epresents the time at temperature required to ot ; 
| 
tau ptimum density it and time pe 
| 
j exce of 30 sec did not produce any me irable uw 
| east n density. It n be seen here that a very 
temperature dependet ¢ the densit 
exists in even the ve high densit ‘ ns (98 pet 
nd higher). No appre ble difference in densitica- 
tion f the lifferent « Tet could be 
aS -_ erved. Fig. 2 deseribe the influence of time at 
temperature or thie t f Ti (grade 2) com- 
pret: ee pact Temperature the | meter f the curve 
plotted in tt figure Ar ptimum value f 99.4 pet 
ee of the theoretical density could be obtained for a 
specimen of ide 2. if kept at 3000 C (5435 F) 
My for 0 sec unde continuous pre ire 
In Fis and 4, the electrica t tivity and 
600 é transve ‘ ipture trengt? of the two TiC grade 
i. a 300 are plotted a a function of the ier ty Since the 
‘ z lensity was shown (Fu 1 and 2) to reflect both the 
‘ 9 + nfluence of temperature as well as that of time ata 
o- given temperature, pny il properti were plotted 
| avainst density and extrapolated to 100 pet u ordet 
} 
: ' y? to obtain material properties for the two grades of 
powde of througt 25 mesh particle size The 
electrical resistivity of TiC was thereby determined 
Sas to be approximately 72 microhm-cm, while the 
transverse rupture strengt? need 
4 i 
| t 45 O00 
pol 
From the data reported in Fis 1 through 4, 
ee 4, apparent that optimum value for pre ire-sintered 
: mc could be obtained f grade No. 2 if 
4 ‘ os at approximately S000 tor see These - 
tions were therefore chosen to produce compacts of 
= if parti- 
cle ize on density, electrica ‘ tivity, and trans- 
4 verse rupture strength. The properties reported in 
; rable I] were obtained on specimens (grade No. 2) 
t? triple riche test were determined bys that were heated to inder continuous pres- 
tl ire and kept at t? tempt iture for about 30 sec 
‘ ipture trengt? pen The data of tt table how that der fication, elec- 
‘ 9/16 pan, at roon trical conductivity, and transverse ipture strengt! 
‘ ‘ x ie ot examination of Tif ure mproved cor te iblv by the ise oft mallet 
‘ ed it with a Norelco Recordi average particle e powde Average particle 
; t t ‘ of 8 and 2 on or vere estimated micro- 
l t en densitiu n terms of the copically 
x the face-centered \ jlemonstrated by the Guta f Table I], particl 
‘ to WN o wu ietermined e effects are evidently trongest with regard to 
t ; \ The calculated X-ray the transverse rupture strength. It was possible to 
) ectims ibtain value nm exce of 120.000 p } the ise of 
, ‘49 , ‘ | nd 06 wt pet of a powder having an average particle e¢ of approx 
hit the and 4.89 per ec mately 2 micror it proved rathe liffi- 
i t thre thie et cual 
the srse of ti work. 
‘ t tuted article ‘ f TiC grade 
Results 
44 ’ a 
2 #2 
i ed wit ler ty electrica t 2 68.2 ‘ 72 5-9 
‘ ‘ these tw ler tv ce 
terminat ‘ ¢ * met) ° A t t lewst t 
2 TRANSACTIONS AIME 


powders 


Electri 


watts pe cm pe C between 20) and 100 C. The 
product of electrical esistivity and thermal con- 
ductivity therefore equal to 7.48, a value that 
t ‘ es} is t the normal Wiedemann- 
Frantz ratio of 7.5 

nm teat it 1000 and 1150 C revealed 
that the xidatior t tance of dense and binder 
free TiC bod elatively por if compared, fo! 
nstance, with such ve corrosion resi tant material 
i conium-boride molybdenum-disilicide It 1 
Veve ipe ’ n co or ‘ certain 

cke ind halt cemented titanium Cs grade 
s e compa tive Gata are show! in Table Ill 

Trar ‘ ‘ ipture trength value as determined 
t the nvestigatol to cemented TiC 

mpared with the strengt! values obtained on 


ne the course of this work 


n F » and 6 
Discussion of Results 

Fig 1 and 2 demonstrate the importance of very 
higt teru temperature ind t at tempera- 
ture (under pre ire) to obtain maximun densities 
Apt ximately 0 sec at 3000 C were needed in 

te to btau i pecimer approach nu 100 pet 
density nd exhibiting a relat velv high transverse 

ipture trengw While the electrical resistivity re- 
mau fa vy constant ove the 95 to 100 pet density 


egion (Fig. 3). the effect of reduction in pore space 


ipon the transverst ipture trength over this same 
density range is great (Fig. 4). The strength of Tic 
bod educed by a factor of two by a little a 
» pet of vo i Chemical analysis of the pt wder, as 
vell as partich e, also infl enced to a considerable 
extent the mechar cal properties of TiC bodies pro- 
duced during U investigation nevertheless to ob- 
tain the strongest TiC specimens, the emphasis had 
t be om the ntering technique employed The 
production of these high density TiC materials per- 


mitted a good evaluation of some physical proper- 
ound, which, on the ba of elec- 


tre of tf con 


measurements at ast. exhibits very definite 


metalhe behavic 
Having demonst ated that high tramsverse Tup- 
ture trength bode may be produced from titanium 
arbide powde f high purity and by the use of 
vy higt ntering temperature at ntering pres 


sure, a compari- 


Table Ii! Comparison of Air Corrosion Resistance of 1150 C of 
Dense and Binder Free TiC Bodies with Other Materials 


Weight Gain in Mg per sa Cm After 


Material 16 Hr 
Tic G ‘ 4 Failed 
Tic 2 4 t ed 
Tit ed F ed 
‘ 2 Failed Fated Failed 
Ti ed ed 
t 2 2 4 
° A ed here were ed t t sborat 
t 2 Qa 


cm 


o 

4 

40 

< 


% 
Fig 3—Intluence of density imcreases on 
the electrical resistivity of TiC compacts 


© rec wo 2 


+ 
? 
~“ 
a“ 
2 
96 9? 10 


Fig. 4—Influence of density on the trans 
verse rupture strength of TiC compacts 
Numerical values of the ordinate 
times 


son of the transverse rupture trengths of binder 
of “ce 

mented” titanium carbides, as carried out in Fis 

5 and 6, becomes extremely intere ting. Considering 
the curve in Fig. 5, it appeal that the additions ot 
5 or 10 pet binder to TMC have very little, if any, 
effect on its transverse rupture strength. A higher 
strength and a maximum value 


free titanium-carbide bodies with that 


ransverse rupture 
obtained, however, with approximately 20 pet 
It is conceivable that, by the use 


are 
binder addition 


xe obtained by these it? for the 80 20 TiC Co composit 


of still purer powder grades and finer particle size 

the mechanical strength of binder-free bodies could 
be further increased and could possibly approach, 
if not exceed, the maximum transverst rupture 
strength as shown in Fig. 5 During the hot trans- 
verse rupture strength testing of TiC (cemented a 


well as binder-free compositions), It was found that 
all TiC materials, regardless of the amount or nature 
of the binder present, behave d very much alike. The 
curve of Fig. 6 shows what has been freque ntly re- 


ferred to as the “gradual softening” of the binder 
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eult to further reduce particie sizes Ol the 
1? e and st maintain purity ; | 
t tv 1 es of ) 19 and 70 microhm-cm | 
have been reported while during the 
courst ne mpacts The tem- 
t ethic ent ot the electrical rt pstiv Was 
perature 
‘ 00032 at 22 C The thermal conauc- 
Touna t oi ¢ bye 0110 
A 
‘ e the high t erse rupture 
E 
IM 
TRANSACTIONS A : 


Effect of binder 
the transverse rupture 


ength of TrC compacts 


Fig 6 right Transverse rupture 
trength of various titanium carbide 
grades as a tunction tempera 


ture 


methods 


Summary 


Acknowledgment 
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K 
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void ither than emented ndividual carbide 
‘ irticle i ve fter imed t be the Case 
: In view of the data rer ted in F 6. there seen 
b | 7 to be but ttle loubt about ar mportant cont bu- 
: i tion to the transverse rupture strength of the carbide 
’ + , t-~+ body itself nee the hot strength of titanium car- 
| bide bodies remained unaffected by the amount ¢ 
ey * | tvpe f binder material en ved. Since the trans- 
‘ ipture testir i uthe ensitive to 
mechanical defect f a body, it would be conceiv- 
ible that the strength of ich a carbide compact 
mpertectior with Dinade is the crack heal 
ibstance Therefore, bette proce nz cond 
bo 
j x emen led | 
| | 50% 7-20 
“yl 
{ditions +2 
4 
P 
re} \ 
| 
« e @ we 
emperalture, 
‘ ipture strength of material irbide bodies through crack elimination with im- 
t t ‘ ‘ trength at about proved sintering HEB, rather than binder addi- 
free titanium carbict 
' It has been shown that the pressure ntering 
binder-free TiC exhibiting physical prope 
re ‘ = eported in the literature grades of TiC, cor 
free taining varving amounts of graphitic carbon, were 
. : prepared and the physical properties of these two 
le were elated to chemical composition, powdet! 
uw te toy Uae me part ‘ ize ntering time and temperature The 
vn abou existence transverse rupture treneth of pre ire ntered 
binder-free TiC bodies compares favorably with that 
cemented te qt nta me it tk am it iv pet 
it bindet The hot strength of titanium carbide bodi 
appeat t inaffected by the an int or type ot 
binder mate il emploved 
portion of tl wed out under con- 
4 ‘ tract with the Office il Research. The aut! 
‘ hoot 
i vish to thank the agency for pern nto put r 
. these data 
th However, f 
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Contribution to the Metal-Carbon-Boron Systems 


Metal-carbon-boron powder mixtures were hot pressed and the result 
ing specimens were studied by X-ray diffraction. It was found that regard 
less of the starting combination of the metal, carbon, or boron powders, a 
metal boride phase was always the major component in these samples. In 
the absence of carbon the boride phase formed on hot pressing depended 
only on the amount of boron present. Two new phases of the system Ti-B 
were found. They are Ti.B and TiB.. The existence of a controversial face 
centered cubic phase of formula TiB was confirmed. Electrical resistivities 
were measured for various boride phases. It was found that the diborides 
are generally better conductors than the monoborides of the same metal 


h carbide powder 


tability chemica eactivity {f these carbide were prepared | this laboratory. The procedure 
i te ‘ irce Variou nvestivat« Ik the preparat carbide powae (zirconiun 
bide titanium carbide tantalum carbide am 


nsisted of mixing graphite an 


tive metal hvdride powder in stoichn 


it heating of wt 


tmosphere in carbon cruci 


by high trequency to tem 


between 17000 and 
TiB, powde were produced by th 
of fused alt bath according to 
The 


tal-carbon-boron group (Tablk 
bor! 


bore 


tur (Table I) had definitel been established +t 


comminuted an 


carbide 


e that according to the liter; 


ry} F t the expense « aca i 
f ! o! am f powder mix 


i 


2100 C. The 


Il 


hid } ‘ te t i i 
t ‘ vere hot pre eda uw hite molds that we 
heated ¢t direct ¢ tior The pecimen dimen 

ons were approximately 2.5x1x1 cm. Hot pressing 


ol Mme o he re 
measured optically and 


Materials, Preparation of Samples, Testing Method é e of about 1.3 ton pe yin. Wherever pe 
itte tt bta maximum specimen det 
The raw materia emploved for tl work cot I 

Wa made by temperature Variatior 


ed of various carbide, t le. and metal powas 
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HE carbide nd b te f the transition ele us well as of boron and graphite powde In cust Sid 
. ments have ervy high melting point mn the where commercial grades of carbides were consid sy 
range 2900 1 4000 ind are therefore of interest ered unsultable because of low purity « exe ve a 
} | 
carbide phase n the presence of boron or boron miobium ¢ 
In a recent publication, Glaser lermonstrated the metric proportions and 
tability of conium-b ie (ZrB.) in the presence mixtures in a hydrogen 4 
of carbon at temperatures in excess of approxi bles. The heating Ws oo ______ 
mate 2900 C. while during a preliminary investi- perature ra 
gation of boride phast« Steinitz concluded that the esulting 
liborice e stable in the presence of carbon while creened to ge 
the monobx ie of the fourtl nd fifth group are ZrB, and 
not, forming dit les plus carbide nstead. Nel- electrolysi > is 
Willn ‘ ind Womeldorpt have elaborated method des« f 
on the reaction B.C 2TiC 2TiB iC, which niobium, vanadium, tantalum, molybdenum, chro- ry 
was known to occur because of a relative instability im, and iron were obtained by mixing the re i 
f BC na the eat tendency towards TiB. forma- pective meta and boron powde in the desired fe 
thor t relatively vy temperature (approximately proportior such metal-boron mixture were ye 
1200°C). A similar stud nvolving as starting ma heated in a high frequency furnace to form boride L 
2 
te i TiO. and B.C and resulting in TiB Nas re- powde! * 
beginnir f an exothermic reaction of a TiO.-B.C through XI) ar r =o 
powder mixture. which. when preheated in a hydro vere mixed with carbon, boron or boron Zii7Z™/! =a 
en atmosphere to approximately 950°C. was car- powde The additions of carbon, boron or BEEDN ed 
ed to al t 1600°C by the heat of reactior carbide powde to any of these metals or metal y 
T hed n é eht on reaction of thi tvpe compound were calculated to satisfy a particular Pre 
(Met C-B). the final 1 luct ent] Iu carbide t ¢ 
ar 
i- 
easur 
e! 
f 
ere plot 
mnple densitie 


Tables II, and IV 


Phases Present 
in Hot-Pressed 
Powder Mixtures 
Hot Pressing as Identified 
starting Mixture Wt Pet Temperature by X-ray 
‘ Emploved Diffraction 
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firect n wh i+ raf mat will 
Tat Phase Some Boron Metal Systems As Reported to Date = j 
Syste Ti-C-B (Table I) Ir idition to the 
phase TiB,, a eported | Nortor nd A . 
Csreenhouse intiu ind S ‘ ecent ‘ 
pe roent nnect wit? the tery I ( B 
vere therefore te ened to detect }t le phase 
highe thar the iit ie and boror 
eithe the metal r carbide At e calculated i- 
— ngly. In studving the results tabulated in Table I 
‘ thy | le or ca wae mixture nv Ving ar combinat 
— ‘ ed ample — ture range approximately 1400 to 2700 C. Titaniur 
t e that the desired cor carbide reacted with be ! be t irbide in tl 
t ed afte hot pre rs temperature range, and the meta m turr eacted 
ent vere t fe ising the with boron carbide to form the elative table 
Aft pletion of pl ‘ liboride. Mixtures of TiB. and B,C could be heated 
und det to high temperature without ar ndicatior fre 
' were ished to thro I tion or new compound formatior 
‘\ xX iff thom witl Mixture of titanium and boron were a hot 
: spectromete ising CuK i pressed at 2300 C. X-ray diffraction examination of 
these specimet! howed that cor jerable amount 
Results of Ti. B. were present. The pattern of lines assumed 
; ' ' vork have been summarized it to belong to the phase Ti.B very similar to that 
X! In eact f these table the of WB. and these two structures are undoubted 
: ! nditions f lividual ex omorphous. During the course of this work, the 
i bee each table lealu pattern of lines reported by Greenhouse Accountiu 
f the ten metal-carbor and Sisler could never be obtained 
: ' that were examined durin the iB. was melted at apy ximately 2790 C. A TiB 
Complete equilibriun eported by Ehriict Dut witl large! init ce 
not vid be obtained for all ex jimension (a 426A as against 4.20A reported by 
i ; wn » because of certain Ehrlich) could also be produced at a temperature 
‘ 14 Sis Howeve the trend and below that for which the diboride formation wa 
Metal 
te . tom Thc 
4 2 ( 
4 z 
22 Be 
‘ 2 1B 
2 yuenct ri 
27% ‘ 
ru 
‘ t 
que 
Weak TiB), 
250 mB. T.B 
¢ 
44 “ mB. Ba 
2 B 
24 ZrB., 
3. 
2M Zr 
2 Zrt B 
‘ 2 roth BAA 
BA 
oe T ‘ 
Ta.R 
Tat Tal 
Ta. ¢ 
BC, 
20 B 


Metal 


System 


Table 


Table Vi-—system 


9 


Table Vil—sSystem 


starting Mixture 


Tables V, VI, and VII 


Employed. 


Phases Present 

in Hot-Pressed 

Powder Mixtures 

Hot Pressing as Identified are 


by ray 


Temperature 
Diffraction 


Whenever any of 
TiB, or Ti.B 


ct e was detecter 
f the three new phases, appare ntly 


red 


obtained, 


wunt 


it 


nase believed to be 


tetragonal 


reported on in 


well a On the 

ed the tita- nection 
ibilitie In mixture: 
re belong- or above 


introduced through the use of gt 
B.C on 


specimens 2900 C, 
of carbon, if any than TaB, 
ructures appear- cast 
being TaC and 


f the X-ray evidence collected in con 

experiment léa and b 

tantalum and boron, if 
Cc 

Excess boron probably combined with the ¢ 


ugh 


heated to a 


(Table IV), 
hot pre ed at 


will contain substantially TaB 
graphite, 


f raphite dies, to form 
However, at temperature below oe) 
appeared to be a more table phase Av 
the presence of ¢ raphite in most i re 
interfered with a TaB formation in favor of 3 ue 
TaB./B.C mixtures could again be 


temperature without any evidence 


ed out at th tin ! A 
i separate paper by Pt and Glase! of reaction o1 tability of either phase. The combi- 
System Zr-C-B (Table I) recently nation of TaB with B,C or B always resulted in the 
ot eported by P and Gla and boron addi- formation diboride. No boride phase higher pS 
to eith the me reconium carbide were than found. In the presence of boron ot Ni 
calculated accordu rom the data of Table HI, boron TaC reacted at temperatures below ae 
irent that Z an produced only in the 2900 C, forming the diboride plus carbon 
om ‘ tive amount carbon. This Syst *-B (Table V) In the presence of 
‘ that whene ‘ ( ining some carbon, and if heated to temperatures between ap- 
uphit cor bide combined with proximately 1500° and 3000 C, the diboride was the a 
either | ! be arbide just be the major component of hot pressed Nb-C-B mixtures ras 
end re t. Theref | juce the carbon NbB the presence of large amounts of i 
tent ? ito be } 1 V diffraction carbon, boron, o1 boron carbide to form the diboride a 
f the hot essed le (No howed the plus carbide At temperature close to the melting : 
| en f both ZrB. and B beheved that point of the diboride ibstantial amounts of mono- 
‘ the b ! ided t lost dur- boride appeared This fact seemed to indicate that 7 
ng proce ! that there i igh boron to while monoboride relatively unstable in the a 
imple if No reactions presence boron. boron carbide, or carbon in the 
‘ ‘ pound f ‘ served for range to 2900 C, it can be found at tempera- é i 
hot pressed B , ixt ng a certain ture of 2900 C at the expense of the mh 
tal t of the dit nm the of boron- diboride B.C mixture retained their compo- = 
carbide Witt t il ame ‘raphite in sition ratio if heated and pressed at approximately ibd 
ZrB.-B mixtures an be ZrB. wa 2100 C 
melted without a of decomposition System V-C-B (Table V1): VB has been recently 7 
S ‘ Ta-C-l ‘ IV) combination of reported’ and can be produced without any difficulty is 
the « ents Ta-C-I mixed pressed at in the of larger amounts of carbon. If con- mee 
temperatures between 00 and contained iderable quantities of graphite are present, any os 
raB. as a Major con nent. Howeve at tempera- combination of V-C-B will result in the diboride and ¢ 
tures above 2900 C, TaB, appeared to have a tend- carbide. While X-ray diffraction showed VB to have 2 
ency toward decomposition in of TaB and B retained its structure if heated to its melting point + 
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ct 
Ne ‘ BA 
2 6-NbH 00, 2000 ¢ 
24a &2 5-NbH NbBy, trace NbB, C 
2 5-NbH 17 180 —melt NbBy, trace NbB, 
2 2 17 1500, 250« NbB,, ¢ 
> Nie 2 1500, 2100 NbBy, 
27 ‘ NbB 2000 NbB,, 
28a 75-V 2 27H trace 
) 75-V 25 294 elt VBy, some VB oly 
‘1 2400, 2700, 2 some But 
2 OVE ‘ elt VB, unchanged a 
26 2400, elt VB e VB Pd 
25-V 17.5 2400 VB», 
t VB 2100 VE... Ba 
? 69 5-C1 21 CrBs. ¢ 
Ba 24 crs 
24 27m eit n 
4 27 CrB,, ¢ 
67-Crat 17 crn, BAC, 
+ 2 2006 CrB,, BC, ¢ 
42 a7-CrB 1700, 2100 crea), B.C, ¢ 
} 
bserved. Nitrogen and carbon analyst 
xX i ntensitV measurement eliminat aA 
nium carbide titanium nitride pe 
idition to this face-centemml truct 
contained relatively small antl 
at all. A detailed examination of st 
t e tt ‘ fa Ti.B, TiB 
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Tables Vill, 1X. X. and XI 


Hot Pressing 
Temperatare 
Emploved. 


Phases Present 
in Het Pressed 
Powder Mixtures 
as Identified 
by X-ray 
Diffraction 
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cal Resistivity 
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“ter « Wixter Wet Pet 
Meta ne 
' vi ‘ 
is omWee 
te 
‘ ‘ ( VIIT) If M Vo C were 
7 i mb oat vith } hick iditior 
+) ilated j — MoB MoB hott 
ow it termpe ture beet weer ind 1800 ¢ 
nd hot The M ( } P owe thar 
thre nad t? ‘ ect ‘ \ r to 
th ¢ icrR thy term ( B. where } le ‘ wer thar 
te ere le iid be f med in the presence [ca 
t het t ter Hi eve Mo B de ed t temperat ‘ 
t ‘ ‘ bove at 1950 In the presence 
‘ t +} bdenur f ich » ce mt j 
MoB ‘ mi ‘ vith n t f m MoC 
t t A MoB i MoB i t med the 
i, ence of B BC to form the higher hy ie MoB 
i, 1. 
enur i found t bye table at 
|  temne ture hecked up t 7100 ¢ 
i = it. melt ind: ed 
x Elect twites of Som 
ivd f hot fand ienched MoB 
howed the ¢ mponents MoB. and 
Suste MM I e IX) \ new compound 
MoB beta) ‘ ind t eX 
\ K wnt \ tt thie tem W-B 
‘ ed to melt und my ed at 2980 C, and wa 
952 


component 
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well to point out that a 


pres 
be used to identify the pre 


ate 
\ though X-ray diff ction work proved to be the ideal 
tool for U tvpe of study and in connection with 

phase dentificatior electrical t tivity measure 

ments a I ved very helpful n the quick identifi- 
cat of the majo component pre ent in a given 

iphite and mine component 


present in hot press imy 
‘ tivity value ind sometime trongl nfluence 
the accuracy of result Boride and especially the 
11 bx le are bette conduct than the corre 
ponding carbide phase, the order of magnitude of 
tr lt tivity being approx 


ed powde! 


of the 


tivity value 


speci- 


eported 


jominant phase Ww thout destruction 
mer In Table XII some electrical re 
f various boride phases have been 1 
Discussion of Results 

It was the purpose of this pape! 
effect of carbon on the fo mation of ¢ 
phase is wella the effect of boron or 
of certain carbide phase 

B ie phases have proved to be, 1 
table than the respective carbide 
tion of metal-carbon-boron will, if ho 
powder mixture, vield a boride phase 


to demon 


trate 


ertain be 
the tabil 
general, more 


combina- 
a> a 
Regardless of 


carbon, and 


the ting 1 

boron powde! vhethe or not these three art 

present in free ¢ combined form after hot pressing 
t tir t temperature above approximate ly 
mixture of tt tv pe will contain a metal 


diboride present 
A governed by the amounts of boron or boror 
irbide added. Exce metal be over the di- 
tx de comt 1 with carbor All pe ible boride 
phases were obtain ipon hot pressing of Cr-C-B 
mixture 
the vstem M B. three boride phase can 
be obtained upon hot pressing at elatively low tem- 


} 
Fig |--X ray study of the relotwe stability of Mo B 


compost 
denum combined with carbon upet lecom| tion of I 
Mo.B. Mo.B and MoB reacted W th either boron o 
boron carbide to form the | he tn te VMoB, a | 
high temperature modificatior of Mo B. MoB, car 
be considered the most stable compound of th 
vstem ince eExce tt le con 
bined with carbor rathe thar eact with MoB 
MoB. melt undecomposed 

The system W-C-B behave i ve milarly to the 

vstem Mo-C-B. Again ar boride phase known to 
exist for the system W-B could be obtain {and ce 

pended only or the amount of t n added to eithe 

the metal or the carbide WC W and WC reacted 

the presence of ob n bide forn wolfran 

boride phase. A new high tempe ture modification 

of the n noboride WB, and WRB phust vas found 

ind omorphous MoB* (beta) 

Any combination of the meta on and tho 

with boron and carbon ¢ boron-carbide upon hot 

pressing resulted in the formation of the table 

borides FeB and ThB,, respectively 

It could generally w. observed that the ca bic oft 

all metals that were st idied here (Zr, Th, ¢ V, Ta 

Ni. Fe. W. Mo, and Th) were read transformed t 

form boride phas¢ n the presence of boron or boron 


ame 
the 
vide 


ch wa be omorph 
d. This monoboride ZrB as we ws the phase 
ild only be prod iced in the absence of large 
ints of carbon. In the presence of carbon, ¢ the 
metal carbide or be n carbide were ft med t 
d the diboride wa atisfied witl egard to eithe 
» metal or boron supply 


d at approximate 


The ex 
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— ~ | 
hosted to 2000 °C in combination witl 
bl | BA 
4 a? ) 
tom Fe-B. Both iron-carbide and the 
‘ m the com} ind FeB, if com- 
th boron or boron carbide and hot pressed =| = : 
ximate 1300°C. The fact that FeB 1s | 
ence of B.C was borne out by the } 
m hot pre ed xtures of FeB ana 
lata ined on! ‘ ‘ : 
lati 5 
tion or new compound . ‘ 
farmation took place whet ich muxture wel | 
pre ed at about 1450 C 
Th-C-B (Table X1) The table boride 
phase of the system Th-B is ThB Although enoug nam ae a 
nd idad to permit a possible carbide for- es 
mation. ThR. ¥ n all cases formed, the hot } 
‘ off mation for th compound Was 
ne te perature 1] } | 
Tho re were found on ali spect: : | | 
hich not rt considering the well- 
i fact w ! rn Arprisine 
nown stability of thoria crucibl / 
Before closing the detailed discussion 
carious metal-carbon-boren systems that were In- 
| 
| 
3 MoB.. Mo.B de 
eatures. They are Mo.B, MoB, and Me Om 
Li 
f 
mately a factor of three 
ry | tre et 
thi 
boride phase as a major carbide 
Indenendent of the proportions in which the For the system Ti-B two new compo es 
i Nb are mixed with either sonal Ti.B and Ti,B., th atter phase being 
bide powders, the morphous with W.B,, were found. of 
boron and carbor 9 > troversial face-centered monoboride 
mixture f hot pressed below about aiWwe a conti 
pective metal as a could definitely be confirme 
+} f the respe la ZrB 
Zz For th tem Zr-B a new phase of formula 5 an 
wt 
fe 
7 
the 
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ippearance f patter: lentified as neging to the 
espective monobe le T? beha was tenta- 
4 tively interpreted t indicate the decomy tion f 
these diboride at high tempe sture ind could 
not be observed for the dit ie f any other x iy 
that were investigated here 
B ide phase of tne ame I mula are not neces- 
imily isomorphou As an example, fou lifferent 
tructures can be obtained f the monoborides alone 
Thorium boride phase f formula ThB, and ThB 
were btained. This type f phase, of formula MeB 
MeB., could not be found f iny other transition 
metal-boron systen A variety of new phases that 
i had not been reported in the terature to Gate were 
found. These included Ti,B, Ti. B, ZrB and WB". The 
ch were generally bserved to be bette con- 
thar the monoboride the amie meta 
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ponsorship of the of Naval Researct The 
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i pre emperature could 
she F. W. Glaser: PowdElurgy B 1951) 6 
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if i tT I Nb, \ ind Cr could llmore ind R. C. Womel- 
4 , fuced t led care was taken to kee; Composed of Boron and 
4 ‘ nimur with Meta Presented at 
trvit me meta be f the Electrochemical S 
: re — essed samples that were be ‘ pril 12, 195] 
E. R. Honak Uebe Hochschmelzende Boride det 
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he t 
na i vere placed iphite - 
ided in induction furnace. In ord 
‘ i { nation, the lead was loaded 
‘ ! to wa the intum chiy nt 
‘ After the charge was held at the de ed 
ty ‘ it of 15S te sO mur twa i 
4 { ‘ n the ¢ cibie 
The ent e meltu om it ! vas accomplished 1 
of he (double charcoal etined 
the treatment) The I ocedure Wa 
t et t evacuating it to 10° mm 
H | t ne to 6 fF ize and seali the 
nace 
ter focused on the charge through 
} e ‘ ‘ er Was em} ved for th ma 
‘ I t 70 C correction had 
The n t itable alloy preparation temperature 
vas f ibetween 1220 and 1280 C. The rea- 
! 1a is explained by the phase diagram, Fig. 7 


Associate Metallurgist, Brookhaven National 
N.Y 
TP 3213E, may be sent, 2 copies, to 


1951, revised, Jan. 24, 


RJ TEITEL is 
Laboratory, Upton, Li 

Discussion on this paper 
AIME by June |, 1952. Manuscript, July 23 
1952 New York Meeting, February 1952 

The work reported in the paper was performed under the auspices 
of the Atomic Energy Commission 


TRANSACTIONS AIME 


Lead- Uranium System 


The Pb-U system has been investigated by X-ray, thermal, and 
microscopic analyses. Two pyrophoric intermetallic compounds were 
found; UPb. and UPb. The crystallographic structure of UPb. is re 
ported. A phase diagram was drawn for the system showing three 
eutectic and one syntectic reaction. 


preventing al formation upon cooling at a reason- 
ible ite. On the other hand, below this range the 
iranium was coated with a layer of both compound 
ind the ite of reaction was diminished by diffusion 
proce ‘ The fastest reaction rate occurred in thi 
narrow range of temperature because only UPb coat 
the uranium and it evidently does not protect the 


well as UPb 


Apparatus and Procedures 


rhe development of apparatus and techniques was 
of the 


determined by the peculiar properti alloy 


All the alloys were pyrophoric, and, consequently, the 
alloys had to be protected from oxidation by handling 
them in a dry box or inert atmosphere furnaces. Other 


rations performed outside of this equipment had 


Ope 
to be QUICKLY as po 

Thermal analyses were conducted in a furnace and 

ilar to that described by the author 

rmocouple well in the 
d alloy, while 
the melt from oxida- 
The furnace was outgassed by pumping a 10 
the furnace had been heated to 
admitted and the furnace 


done a ible 


arrangement 
icibles having 
used to 


atmosphere protected 
f 


a tne 


Graphite cr 


bottom were contain the prepare 


a helium 


tion 1 
mm Hg vacuun 
400 C. Then helium wa 
ealed under 

Chromel-alume!l ther 
mal analysis and the accuracy of thermal 
ments was judged to be + 5 C. At first, an attempt 
platinum-platinum-rhodium ther- 
evidently vapors attack it at 
forming low melting alloys. These 
the thermocouple 


porous 


6 psi gage pre ire 


mocouples were used for ther- 


measure- 


to use 
but 
high temperatures 


lead vapors had direct access to 


was made 


mocouples, lead 


wa 


because the graphite crucible 


A differential temperature control wa 


ised to reg- 


gradient acro 
an ai and 


the crucible was maintained constant by a controller 


thermal analyse The thermal 


ilate 


indum tube placed between the winding 
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4 
. i 
\ 
t 
= 
AS ‘ iit {f the interest In uranium metallurgy Above tl temperature inge two lquid eparate aie 
ntitative data appea in the literature 
concernit tr vsten 
Chy were machined from ba of high-purity 
btained from Ames Laboratory and the 
! 
ead 99.9 pet high-purity grade from Bel 
mont Smelting & Refining Co. The chips were pickled < 
na dilute solut f nitric acid, washed in water and iranium as aan 
then alcohol, and dried prior to use for alloy prepara- = 


Ray Dittraction Data UPb 


the high angle i 


When this value 1 
distance 
reflection 


rption of the speci 


Since the 


Was the 


content, it 
ded ovet 


Phase 


Experiment 


al Results 
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: : pounds found in thi tem wa cated et 
graph at 25 atomic pet U. It 
pt ind crumbles to powde UO, and Pb) on « 
Samber of stems per cet ‘ 1 ire te il It meiting }{ nt Wa not detinite 
established, but it occurs around 1210° to 1250 
ale X-ray diffraction data for this com] nd are sut 
cate marized in Table lL. Owing to the nature 
f the compound, the density was not found expe 
‘ q mentally. It was estimated by using eq 1, which a 
; : a imes that the atomic volume of bismuth and ura 
4 +4 nium is not affected by alloy formatior 
D 
y22 Ml M 
rer) 
, 
where M and D are the atomic weight and der ty of 
kK the elements indicated by the ibscript respect 
i Thi method for estimating the lensity f inte 
metallic compounds has been tested on many knowr 
- ————————— metallic systems and found adequate, especially wher 
min were usu y emploved the cell i mall as in the case fUPt Consequent 
x onkems vere prepared calculations based on this equation showed the com- 
the mexh in the d pound to have four atoms per cell. This seemed rea 
‘ ohhim w eda at onable since there are four atoms per intermeta! 
A? im { molecule and four points of symmetry in the cut 
t the ura M cell. However, the juestion whether the iton 
CuK srranged in an ordered or random fashi emains t 
ne be answered, since the atomic scattering fact f 
‘ ‘ tn i t If the uraniun iranium is very similar to that of lead. Consequent 
" pet | ' re rrier vas fir } i the cell has been cla ified cubic f the present 
; Daan I'he iy ed oxidation but The size of the cell was determined accurate fron 
of th of a Debye-Scherrer patter 
ft. et it equ ised to calculate the othe nter- 
ql ed cher . by two method This ts probably due to the high 
was ¢ ed. Other oa were lattice parameter of UPb, in all con- 
th ead i taining le uranium than the stoichiometric con 
hate same as that in alloys of high ura 
Pons eration was doubtful whether the compound 
: tion with citric acid UPb EP: The composition of tt compound wa 
estimated from the microstructure. It was calculated 
: eee by measuring the volume percent of con ind and 
f t l'-Pt tem appe n | UPb.-UPb eutectic, knowing the comp tion of the 
the ipl ‘ been cle bed, the eutectl estimating the densit relationshy ana 
j thern uw ‘ nd thermal treat ipplving the “lever-arm” principle 
; t ‘ esented f the entire dia a Allovs close to the compound compositior epa 
‘ bye en in weight percent ated into two liquids when heated al e 1280 C. | 
i" ited accord with this, a svntectic transformation was found 
eciable change ry the at that temperature 
: i ‘ f lead had been ot The extremely pvrophoric cha te f UPb pre- 
the eutect npostit rh te vented adeq late X-ra ma t leterr ‘ 
oa inium (le ervstal structure 
t i t fu imu 1 lead Microscope Re ts: Figs. 1 through 6 are exampl 
' The estab } i of the microstructure of va is i prepared 
‘ t i ? Cc) w ed t 1250 C and cooled in the furnace Thev are not a 
: . the eutectic betweer clear as the usual micrograph but the are the best 
t nad i ited ve that could be Dtained from these a 
me t U) More t the Some of the indicated compositions have beer i- 
; 11 effect on the allo justed to take into account the segregation found nu 
t te ture { iraniun many alloy 
ied that thers ve The microstructure of an alloy containing ap} 
' t f n uranium. Thern mately 10 pet U, Fig. 1, is typical of all n the ranges 
, i ‘ that the trar f compe tions 0 to 15 pet U. UPb., ¢ ht areas) usu- 
' t t nseformatior illv crvstallized from the melt in the ans ar forn 
t vt t t t at ’ C, which are The grav background is the Pb-UPb, eutectic nad the 
; t th t ‘ ted | Kat and jark areas are pits from which the UPb, had oxidized 
| vil juring specimen preparation. Fig 2 and e the 
! j ¢) i the tu ntermeta c com tructure f the top and bottom portion espectivels 


Fig 1-10 pct U Pb alloy as solidified Light cubic particles Fig 2—30 pct U-Pb alloy as soliditi 
of UPb im gray UPb Pb eutectic, dark areas are pits eutectic composed mainly of UPb. Air etched X150 
Air etched X150 


Fig. 3—35 pct U Pb alloy as solidified Dark primary grains Fig. 4—45 pct U-Pb alloy as solidified trom 1250 C Dark 
of UPb in UPb UPb eutectic: Ai etched X150 primary grams of UPb in UPb UPb eutectic. Aw etched 
x150 


Fig. S—Approximately 70 pct U-Pb alloy as solidified trom Fig. 6—98.4 pct U-Pb alloy as solidified Dark dendrites of 
1250 C. Groy UPb primary grains in light UPb-U eutectic, primary UPb in UPb-U eutectic. Air etched X150 
black areas ore pits. Air etched. X150 
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U Pb phase diagram 
» of thermal mrarurr 
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Analyses Results tor U Pb System 
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4 in the fo wil 1210 UPb.-U] 
eutect 12 ( yntec ‘ ire r ! 
640 C. the a tra matior mn the uraniur 
inet 
net | The tructure ad 
I to tt n I 6. There 
fore. the eutectic composition had ente 
4 1250 ¢ ind exal ned f eneit Then ti 
ttot the « heated int the nd cit t 
UPt ection made it nece to Ca the 
im the t} e t ker wing the we na 
t eutect thie aes h section. which did not segregate as bad \ sur 
t that dendrite ftemnt wu ie t 
ma given in Table IIL N emt 
nt nit nit the temperature t which ea 
ed. because the chrom mel ther 
Asare t, the yuid t ‘ 
tol na © to extend from 40 to 98.5 pet I 
‘ Conclusions 
Pat that All these data have been ited um the 
‘ The hown in Fig. 7. There ty ntermet 
og 46 at 1215 C wa mpounds: UPb, and UPb. Both are | 
‘ ‘ cubie 4°91 A) with fou itor pe et 
t ‘ 40 pet U were epared It not certain whethe he ‘ { 
‘ Then a portion of indon nce the aton x 
‘ t (at ‘ 1 he ‘ i i 
{ t ‘ eute ( i 
the ‘ ite ct t ‘ <i 
1°} i} ‘ tine ere 
tween 1210 and 1: ( \ 
‘ 
in the systen 
The autl Vishes tot tl eatl 
3 Nat il Lat itorv wh ntributed ort 
f the in met \. Bart 
for } tance in X nd RW 
Composition Pct t 
References 
R. J. Teitel: Design for Equipment I 
St f Scient Inst ent 1949) 20 
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Viscous Creep of Gold Wires Near the Melting Point 


Gold wires, 5 mil in diam, are found to creep viscously up to approxi 
mately 55x10 dynes per sq cm around 1300°K. Beyond this point, an addi 
tional slip mechanism appears. The average coefficient in the viscous 
range at these temperatures is 18.9 © 7x10 poises. This observation and 
other visual observations made during the experiments agree with Herring's 
predictions 


, ch . ed th ange where «@ the stre S, the shear rate; A, the di 
+} ocre ‘ tance in shear direction moved by flow units rela 
creel ins 
On the ' tter ts to explain the tive to one another in the unit proce L, the di 
’ } Ka mar tance between laver oft nit of flow T, the ab 


te temperature, k, Boltzmann's constant; qAl, a 


flow unit and 


the react path due to stre Kauzman applied the expression to molten lead 
hat the n infinite cor with a fair degree of success, the calculated viscosit 
Ir ! to fit the av able data to the being low by a factor of four. For solid lead the re 
ce t ime that creep ilt times too high. q 1, and aA 
’ t ry if 
\ I 2 nearest neighbor distance, Udin, 


quation low by a factor 


microcreep 


‘ probably not a mple diffusion proce of molecular 
Ir the } pert ne thon t 
I law equa i he init but one involving preferential diffu- 
the: crec jata of tin, it was shown by Kauzmar n paths. or even that diffusion in solids do« 


F H BUTTNER is Research Associate, and E R FUNK, Junior 
Member AIME and H UDIN. Member AIME. are Assistant Profes 


sors, Dept of Metallurgy, Massachusetts Institute of Technology Nabarrs iggested a microcreep model in which 
Cambridge, Mass mass movement in the direction of pull is effected 

Discussion on this paper, TP 3277E, may be sent, 2 copies, to by the diffusion of hole The tension on the ervstal 
AIME by June |, 1952 Manuscript, Sept 7, 1951, revised, Dec 27 effectively creates a greater hole concentration at 
1951. New York Meeting February 1952 regior nea the ecrvstal irface perpendi ilar to 
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ig, 
SARLY eet tudie by Chalmers or ingle cry mar eworked the rate theory and arrived at an i 
t tin } tuced Orme the t experi equation where the heu ite is proportional to the 
menta ence t iggest that metals deform v tre In the form of viscosity coefficient, the equa . 
ince light stre That to Say, Ove! thor 
t nit tre nue p to 150 per qg mn 4 
i} l per jm 
‘ ‘ ‘ ed at a rate propo 
tior to the tre The proportionality constant » 
thy f she tes ¢ eep data then available constant proportional to the e200 ; 
kT 
m t? ter thie he deduced the general hypet 
4, the diffusion coefficient e” 3 
re ‘ hy ry the mot nm that h 
the 
t bul 
t 
iffu- Shaler and Wulff found the 
The e of the she nits hown to ir 
of 10 for lid copper. On the ba of the discrep- 
nvolve shear at all Se 
ted to him that microcreep might b 
‘ creel be a s¢ Cottre and Jaswon’ treat the microcreep phe- 
j n proce Making this an assumption, Kau; nomenor n the ba of slow moving dislocation =) 
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d 
Table | Schedule of Tests 
Khun Temperatur kK Time Atmospher 
- all 4 
Fig hemat fragram of quartz tube furnac: 
the ; 
‘ 
; 
1st nt \ 
t Table I! Results of Tests 
tem 
perature 
Poise Peises Poises 
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Experimental Procedure 


Typical stress stram curve m microcreep range 
with least square line 


ceaure ‘ 


Treatment and Discussion of Data 
dule of operatior und 


land Il. Of 


Fig 3—Strain /stress vs time 
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thy tivat n em y f ‘ f-diffu n of 451.000 
‘ n © pe y plotting the data 
tead of Alexanae Dawson, and “fe 
fit i pupe to contribute n ‘ 
i t lence if ipport of the viscous cree} 
eep at high temperature 
ihe expe nta esults presented lead t a picture 
= 
nd mont | 
y and experimer a 
‘ 
te nd refinement of the Udin, Shaler, ana a 
Wult? teet ju nally developed fot irface During the time in the furnace, a pul fied helhun sg 
t feterminatior f i metals at high ten atmosphere was introduced through the et! { plate a 
eratu 4 detailed description of the technique Purification was achieved by means of a charcoal SP 
ed t i ven by Buttner, Udin, and liquid nitrogen trap and a titaniun getter in the hot con 
Wulltl zone of the ful 
In t? technique a set of on gold wires, prey AN 
ked witt t page marks and variously 
\ ch ippeat 
Tables particu te tin this phase 
i 1 i i lead DY enclosult 
f tn here While tl f tae work is the slope of the tress-strain curve 
heated at the desired temperature, the heavily own in Fig. 2. The method of lea juares, 4 a 
ted es stretch, and the lightly loaded wire a straight line, was applied to the sir 
the contractile force of rface tet train points lying the low stre regio Fron 
Phree dut were so heated, one fo the lea quare calculation ‘ for trait 
ome lor ner is found, as well as the ope of the line Ihe ite 
f time t the me temperature rh was done at which the slope im eused hown by dimet ( i et : 
anal to b y proportior te the t\ 
temperatures between 1280° and 1315 K o be inversely proporons® 
hedule give! n Table I coefficient. The dimensions of the pe of the stre 
' train curve are a 
i he i ere ire was held in a ceramic crucible oe 
that just fitted i le a 276 in. quart tube furnace train train 
ce Was wound ee tapered nichrome init stre dynes pe yen 
us to ve a cor ant temperature level yom train per dyne [5 ors 
nm the ddle ection of the tube Fact 
ndit , eparately controlled with an ind If these slopes are plotted for each temperature ba. 
j ) ont \ thermocouple i the well of the avainst the time of the run, a n Fi anew ope a 
+) ort the end ite attached to creas with time, evolve and carrie the follow 
i 
the jart tube The temperature held t 
vit? r \ vi hermoco le that cot 1 
le tt ivt + at the bottom of the crut ble wa 16] ? 
er the le th of the furnace The quartz tube wa hee 
where the coefficient of \ cosity nm or 
ea on box ilate witt 
‘ and lated dvyne-sec pet cn These slopes were found | 
t lite \ ne ad ving of the furnace appeal 
ry | 
ite pre he wire it 1200 F for a Tew 
minute the furnace, they were removed, straight an 
with tweezers, and returned to the furnace for 
the The mal anneal lasted for 2 hr ata @1290° 
tempe ture some 20 to F above the ultimate 
test temperature. During tt time, the wires re “ 
ed and the grat to thei equll brium 4 
‘ nad shape A fte the anneal the gage lengt! ao} 
e wire ere easured, and grain counts ove rol WA Pd a 
the length were taker Counts could be made . 
« 
e the iin boundary trace thermally J. Y 
etehe it during the annealing treatment and could 
e seen ¢ Verv gently, the system was Te- 
turned to the furnace ! the time at temperature 
i, and the ige length again measured. The | MY 
between the annealed gage ength and the 
f » length was the elongatior This divided | 
} thre nnealed gage length gave the strain The 
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and aiculated viscosities 


emperature 


Table tI! Comparison of Viscosity Equations 


Orewans Equation 


Kaurman Modified 


Herring Bquation 
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The ince 
‘ 200 } thy el rite These 
Fiq + before the miitit t hed, the ippe 
thie t time } If +} ‘ ole re ‘ 
x ‘ tir \ ie | ane j bye 
‘ ‘ f n coethcient nad ) ) mo te 
it ) ooo f ‘ Vv ie tur? it 1 ‘ 
thre ‘ t =. On the ba f the He ne expre n. ea 2. based 
i 
+} ) 4 4 ‘ Vere ca ilated f each ‘ ture ind 
of plotted in | Again Dienes expression v ised 
nt It we hy 
\ Daw Klir 
‘ ‘ 
\ ‘ ‘ 
\ 
t Howe 


least square line te determine 


activation energy of wiscosity 
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nad 
on O ) er! The other factors were postulated an infinite continuun It en 1 ; 
€ the 10 Thus together, these 
tw on ent € thy fw nitude t 
id i The He eq i i 
ont th He predict appea juite nt decreast with deere idius of wire 
H ‘ ‘ lecrea ae 
t let tion of lightly loaded wire the present ty coefficients with 
ture ¢ oF effectively viscou those of Alexande Dawsor nd Kling. who used 1 
‘ ‘ thy mechal 1 ind f ind av 1 6x10 at 
the highest t t ed. Since th ¢ ee nel mate of the correct 7 
ted from the pe of the oper nitud I'din. Shale nd Wulff 1 
} pet een be the ‘ tive f refinement u train Measule 
iu f ti he | i ment f these « ‘ expe mer 
‘ J 
' es at th Discussion and Conclusions 
¢ +) ty t 
i In the treatment eep dat iiflicult 
f nen 
to th mechanisti eep with the ot 
‘ h mat erveda Ga 
tude ‘1 hh carve ‘ f the mechal Second, the 
+} +} ‘ re compared } ‘ 
Kauzman pointed it. and have never before beer 
nt ‘ thre enera hape of all 
ex pe ‘ i ted expe menta tudied na lay 
the rrie the oF erence 
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Measurement of Self-Diffusion Coefficients by Autoradiography 
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Origin of Porosity in Castings of Magnesium-Aluminum 


And Other Alloys 


The formation of casting porosity is viewed as a nucleation and growth 
process with solidification shrinkage and gas precipitation as cooperative 
driving forces. Experimental evidence evaluating the individual contribution 
of each force confirms the major premise that microporosity is nucleated 
by gas precipitation. Additional data disclose the effects of the identity and 
quantity of gas, the temperature range of freezing, and the freezing rate 
upon the amount and distribution of porosity in light metal castings 


what facto: letermine 
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! has been ascribed to the contraction that their number ize hape, and distribution. A pre- 
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endea t yw parts are plaved respectivel fication shrinkage take place (« xception n bi 
t t kage and gas evolution in the initiation and muth and gallium being noted); 2-—that the capac- 
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commonly being composed of a system of tapering 
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PERCENTAGE 
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Fig >Demonstration of the relationship between the temperature range of solidification and the 


quantity of porosity im various binary alloy series 


The quantity of poresity estimated by meta raphic means (fracture er polished ett 
vertically Also plotted vertically, with the temperature scale shown in the right of cach 
and the solidus. or the three-phase reaction line 


temperature interval between the liquidus 
the composition vs peoresity 


mas be Composition is plotted horirentalls that 
pe freering range generally paralle 


tien 
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t 
< 
4 
3 
‘ - 
bal 
is plotted 
graph. ts the 
and com at 


2 steel mold at Fig 14-—Microradiograph of 17S cast m a steel mold 

ssolated micr and turnace cooled trom 800 C Shows long channel 

ty pe x? type pores at gram boundaries The extent of each 
gram 1s shown by the dendrite patterns x? 


Influence of Temperature Range of Freezing 


‘ ete 
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¢ J “at 4 A 
Fig radiograph of 17S cast 
‘ | tending toward channe 
i ists) nia he chanmne ‘ ‘ ely he 
a with mit ‘ I \ ‘ t ne-half of 
Tt tu ‘ ed et TOO 
: Were it not f the f the ext 
| Under the circumstance th ippea mprobable 
= f the M \ varied 
2 +) clit eld constant 
ENDRITE SPACING - ‘ thy elt the ed { 
Fig Demonstration the reletion t tr ‘ 2 t 
oes the ¢ ring ve ty and the The re fd tw 
al surta th got ‘ 
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t Vill easing if nur wat 
2. The had been melted, in 1 Ib heat ng e 
fired furnat ind had beer ist im al ) 
; t ter ture Thes Were with the tree nme ve Cuts 
6 The volume of gas porosity increas with the 2 
mined ‘ OV fracku vi nu 
+} ‘ f eX ed. In the main, the Cavity formation ewed ! eation and 7 
= 
‘ een t bet port nai to the wth t nrinkake na pre tat ! 
f the proce are oo 
Influence of Rate of Freezing 1—_Single nucleatior »roduced by the hyd 
‘ non the tatic tet teve mel ft rt ‘ na tt 
oie a ‘ ty } been exan eus act dir ‘ A ‘ 
the mediun ‘ iminum a re nternal pipe ria type rite fend c pore 
be \ large melt whict may be ibmicroscopi 
een he i ga furnace cor é pie } } an 
ani tere at room ten f it Varietie 
tar initia it 600 C and Late nucleatior eccu rn the nite 
nt t n i init anular channels W ‘ 
nd furt cooled. F 14. A mainly intergranular 
t hit tti é ed nm each rm 1 The mode vt! letermined t vhett 
fte tit By the use of the dendrite r not liquid continuity (feeding) to the exte 
f te f these u t nee the dendrite the growth of cavitie a 
functor f the « esponding percentage of por grow = 
+} diy ele iting oOo istainu lependir por thie ‘ 
mit where eve el ntered. Tt behu traint my ca thie nterference the | 
im nve. with the prot hases. Where the solid phase at ttle restru 
stam tn the time to be de he wth rate d ‘ e 
+} nt met re nad t | ore ‘ 
ore ‘ n. Gi ‘ +} adjyace netal i | i 
+} face of the melt d no furnace coolir be- formed. If the d phuse est t mth essentia t 
nt the lesser pe n the fourtl to one dimen o that the bubble ivance cor 
tinual nt indepleted yuid owtl istail 
necting channe es will be seen by a ‘ Acknowledgment ii 
| nd 14. I: ont ia The authe wish to expre the titude to the 
the dendrite skele © ¢ are made a} Aluminum Company of Am« o fo inting to one 7 
er t pppoe fthem a fe hip which n th byle 
2 that there is littl W. A. Bake Shrinkage and G Effects on the 
siam im the mit sample Casting of Non-Ferrous Meta All Brit 
Non-Ferrous Metals Research Association Series 661 
1044 
ie 
Summar 
F. Sauerwakd: The Shrinkage f Meta Ztscl 
Experiment t been shown that Vetallh le (1929) 22, pp. 293-296 
\ low n com- Ur indne in Light Al Rey | the Sut 
ed Al-Cu a magnesium, or Mg-Al co itter Shrinkag if \ 
Association. Tra A F.A. (1946) 54. pp. of " 
Gast t 1u H. Dobkin Micropor t ( tur 
magnesium and ed eir descenain I iry (1946) 74 (10), pp. 98-101, 178, 180, 182 . 
f effectiven ire: wet hydrogen, dry hy- J. Smithells: Gases and Meta (1937) London 
lrogen, hydroge! ilphide, water vapor, methane Chapman and Hall Ltd oy 
i nit er i iiphur dioxide, and dry carbon B. H. Alexander and F. N PY Me 
jioxide. Argon } juces no visible porosity tallization of Alloys. Trar < 
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Technical Note 


Magnetic Behavior of Intermediate Phases in Alloys of Transition Elements 


References 
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AIME OFFICERS 


President 


Vice Presidents / 


President Elect and Treasurer 


AIME STAFF 
NEWS 


Asst Secretaries 


Asst Treasurer 


1952 Pacific Northwest Joint Conference 


Spokane, Wash., May 8 to 10, 1952 


The 1952 Pacific Northwest Joint Cont 


| THURSDAY, MAY 5 Reverb P 


Registration 


30 pm 
Plant Visits at Mead 


FRIDAY, MAY 9 | 
} am and 2 pm 900 am 
Extractive Metallurgy Sessions Physical Metallurgy 
Chowman A Y Bethune, Assistant Superintendent, Electrolytic Chairman Ray Ward, Head, Metallurgy Nucleonics Dept 
Zinc Plant, Sulliwan Mining Co. Kellogg, Idaho General Electric Co, Richland, Wash 
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| 
7 
ti ftt A special object f thy to encourage 
nu t ft Indust Minerals Div ‘ To tl 
oot Met Reranch will be held M 
\ tort bie portation, t try ther i educa 
‘ ee 
Extract Met Metallurgy, Minera Phe « ‘ con 
I Ming ind Iron and eve M At t J es Be pre 
t M eet I Spokane pt f WAAIMEI plannu ‘ 
expandi ‘ ference. S nm the ( ttee for the Con a 
\IME ference e D. L. M trat R © Oscarson 
thane te Trans \ ( G WAAIME 
planning to n the plant tri 
ELE is, 
ction plant nerate oO 
t ‘ N +} est A ( Treatment of } ty ‘ } ‘ Just BY a 
Alu t nt f K er Alumuinu & ( ‘ Smelt J \ tant Profs 
f irity re t wil nece i it Gals ‘ Med 
A ( Univer 
iise rT 
R. R. McNaught M Alu j ‘ ( ( Barrett, In 
% Mini & Smelting Co. of Canada State tan Met ch 
Ltd. 7 B Correlat f the B Properties of Met M A ee 
Mine Sime g Resear ‘ Cook. Prof Ur ty of Ut salt Lake Cit + 
t t A R. T.C.R issen, Chief Preferred O tat direct ert {2S 
S. Bul i of Mune \ K | Aust R. Mort Kaiser 
( Aluminum & Che Cort pokane. Wast : 
( I Exp ent Station, State College of Professor, University of Utah. Salt Lake Cit a 
W nat Pu n, W ,D Ts ea Hy Met IW 
Ope R. Thompson, Superintendent Bach, Ger Elect Richlar Wast 
G P t. Ame n Smelting & Refining ( . 
‘ 1 30 pm 
ay 
Matte at ele: Metallu il Staff—B. L. Sackett , : 
i Inte il Smelting & Refining Co 3 30 pm 
\Tooele, Ut Faculty as 
i 


Mineral Industries Education 


Industrial Minerals 


al Metallurgy 


Womens Auxihary WAAIME 


Brunch 


Iron and Steel 


hawman J G Johnston. Chet Metallurgit 


Bethichem Pacitic Coast Stee! Corg 


Industrial Minerals 


Banquet 
} 


Board of Directors Take Up Proposed 
Bylaw Amendments and Changes at February Meeting 


\t the meeting 
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Membership Endorsement 
To ease the transition fy Stu 


\ 


pm 
| SA RDAY MAT i 
Alor 
pm 
t fj oO e: J.M. O 
| er Scupy ( 
Dore, K Alu & Che 
‘ 
Evening 
rut 1 bu et ther ON ned t 
the Fir e ( ttee nd ened 
t t t er t te 
APRIL 1952 


Proration of Dues 


A proposal emanating 


IMD Fall Meeting Paper Deadline 


52 ws the deadline for all Institute of Metals Dw papers to be presented 
meeting, Oct 22 at the Hote! Adelphia Philadelphia 


Increase Representation 


\ proposal originating 


( 


Future Dues 


Perhaps the most 
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t at the tall 
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te Members and t 
Councils, that B Cour to the 
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SH000 
i vit ‘ vote mn the f nie 
‘ } ent { me ember 
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th ¢ m0. 5¢ nd 195 
Furt j the eight vea of ine 
Cour n Dele At th pu N ‘ pet 
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‘ itive ( or ‘ 
| ‘ ‘ ‘ ‘ t fe A ‘ 
‘ © de nate Pre ‘ 
‘ = 
t Ke e. § ted Vice-Pre er The 
‘ Direct the Dire ont i be reduced t ay 
M er th ¢} T) to the 1950 leve vould 
Me te Me ( } m the te f ‘ al cut in the 
tak @ ete ne the ag ntit f published materia 
‘ ' the nt Octobe were declared elects There nsiderable discussion of 
I ‘ t ead Ne on the enda for the f D eet | h expense nd a 
of hat the t he int t er fy reserve fur 
the ‘ the we ‘ ‘ bys ntinuit the present 
A ‘ ‘ ‘ | ‘ ty ‘ 
= the Sartior Tels the hye Ine } {toed ta the me hye 
APR|| 
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Session Chairmen Named For 


New England Regional Conference 


Technical session 


Arrears Canceled 


Hereatter, Student 


Philadelphia Section 
Hears Talk On Corrosion 


hers the Feb. 14, 1952 mee 


1953 Awards Authorized 


Income in the IMF 


1955 Annual Meeting 
To Be Held In <Aleage 


An invitation | 


( 


Coming Events 


May Liege International Fair 2-2 American Mining Congress 


Metal Powder Assn put we 
Institution of Mining and Metal 


American Feundrymens sectety 
hemical Sectety, Ine 


National Air Pollation Sy mpeosiam 


Apparatus Makers Assn 


Porcelain Frame! Institute 
can tostitate of Chemical H < 


tety fer Quality «t Assn. of Consulting Chemists & 
(Chemical Engineers ne 
t 


intshing Exposition Now 


ering 


idge Summer Sympesiaom 
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' f age the Centennia f Engineering cele 
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' exee $20 Hoxeng he il metallurgist f 
t trie t nera U. S. Steel Laboratori Pittsbure! 
presented ecture t » AIME 
I i embers on the Phy Cher tru 
t Cor He itlined the pring 
‘ 
i} iu kind f rt ! ind showed 
‘ by sample calculations how thet 
t nthe f va iseftu n predicting 
t ty the se tior ion suscepti tv but not rate 
ve low is als« 
3 t M iM is Dec! etl i f protector f metal 
S f the i pted the B 1 of Direct vere reviewed and their principl 
dete ned by the explained in detail. A discu n of 
he the ame of tin € the ncepts presented in the 
eetir f the Institute ti ea ture ved 
‘ t \pp Speetroscepy ure ‘ 
Oet AIME, Souths N 
‘ ty Lubrication Wav 6-8. Stee De 
Hote 
+ Industry Oet AIME. I tute D 
May et ! t with Nat Metal Congre 
May American 
( entre 
June 16-20, Industetal N 
tune P Pitt re 
ape Dee AIMEE. Bix St 
tuly Sept Centennial ef Engine Hote: W i Pittst 
sulting Chemists teb 16.19 AlMe ‘ 
\pr AIMEE. N t 
Ape ‘ aie sept t t ‘ M 
K ‘ Conte Hotel Stat Butt 
1952 


AIME Financial Analysis For 195! Shows 
Operating Surplus of $8000, First In 9 Years 


Membership at the end of the vear 71 y ft the Engineering S pects for membership, pr 
liu g 2228 Stu t Buildir nm Ne York i atior and ren 


INCOME AND EXPENSE STATEMENT, 1951 


Income 


Pet Ameunt 


Total of per 
Amount Income Member 


Dues 
‘ the espective Initiation 2 ‘ 
I atior ae sales annual volumes 22 142 42 
branche Sales other publications 4 
Dividends and interest ‘ 


Miscellaneous 


Totals 


Ser 
Pet 


AIME 


sections 


Local 
ting 1) Divisions and Branches 


12 Seeretary’s expense 2 
ble branche livision I Library 6.522 
Building rental 


Journals 
Annual volumes 
1% Directory 
t! ount of the host Local 1% Other publications 


General and administrative 
ntri} 
14. Ne AIME « t ition to the Accounting 25.5¢ 24 
ipport the eering S Membership 22.94 
Pension 4 4 
further 
es Libra further con- "4. Insurance 
it the Librar came furniture and fixtures 
m the Deoreciation ef equipment 2 24 
inter t Ja ig Delinquent accounts 


Miscellaneous 


Totals 
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af 
essil 
wis 
ier I t t $2.40 f title 
third nclude these Student per vea for building matnte- 23. Cost of noncontributoryv 
nance \ part of i ance and annuity policie f 
all the ash due ged in it l f Mining AIME emplove of more thar 
received from ne nd nd Met Branct flice space five vear ervice. Income fro ho 
‘ ‘ fa ie ect neeled licies nds t +) 
ll i py canceled polices redoun ‘ 
\ nitiation fee eceived 16 ice the iri ind ex Pension Fund tl item ma 
Net ur received f iver penrise f the « t nd ad val greatly fror vear t veat ee 
tisur n the three urna The vertisu taff pape printir 24. Various type f imsurance ca a 
figure . $72 7 for MINING ind dist it Net t can be ried by the Institute ye 
I +4 ) 
E.NGINFERIN $39,644 for the taine \ abtracting iter 3 25. Maintenance of furniture and 
~ 
f the RNAL OF PETROLEUM (. Printu pape nd and 26. Larger than usual because of + 
TECHNOLO Ir ein 19 Wa list itior f tior ind purchase of new equipment and 
$54.57. $ ind §$ 443 eu volume rapping old lisposal of ul 
these Aree espectivels pilir print nd i ilable volume and adjust 
4 Receipt vidua ale tribut 10-7 ‘ rector ments for past vear 
t ‘ ibseriptior ind f office ttee personne 27. Reserve set up for probable | 
iltiple f e! Lon Sectior Student Chapter n delinquent a int 
‘ et listributed th the irl 2 Expense that does not fit into ar -. - 4 
Ir ice Transaction \ irre last spring f the above classificatior 
i i i i pa \ Xpenise ¢ 
‘ Sale f all the print matter 4 if It sh ild be noted that the Me 
except spe irre ponsored fie Fu ind A ciate Member paying $20 
ertain Funds. I i 2 S ‘ nd expense f me fue il i ng completel the 
jerable ile f preprint ind tne f the Ne York staff not Senior Member meri be of t ae 
eprint f techni paper i i concerned th put least 30 year tanding and over 70) — 
Does 1 ide divick ind ntu ‘ ear id who apply for tl rac 
‘ ertalt Fund bye hip telephone tele ip! ind Hoenorar Member neither of 
‘ ‘ revert t those yene tage tat el and pa ur jue but receive all 
ru ipt priviie pe ney aise i 
Misce neou e not n ind all expense nm the part Junior Members, most of whor 
cluded in ar of the above cate ccountit lept t New York pav $12; and to a large extent the v1! 
‘ Salaric nd | expense con- subsidize Student Associate w hie 
+ The total ime pare vith nected t PI hing pros- pay $4.50 
$493,197 im 195 in increase f 
] ( pa f appropria 
I 
it $10,000 travelir ex 
penses of delegate e Annua - 
Meetir ind $866 refunded to 
1] 
iivision and branch officer also — | $522 07¢ 99 $264 
rantal fre 1 for 
re al f ised for divi- 
nal or branch purpose 
retary in New York and of 
field Pxpense 
13. Net cost of Annual and mid- 2 $0 72 
‘ ‘ 
Siow 6.19 
2.194 
f 
4 
15. AIME headquarters $514,067 100 2 $2¢ 


Metals Branch Holds 35 Sessions at AIME Annual Meeting 
Record Number of Registrants Hear Wide Variety of Papers 


W McG PEIRCE lett who 
urned over the rems of 
AIME ¢ 52 President 
M L HAIDER. right 
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Metals Branch Council members at o business session during the meeting Seated are 
RM Parke R M Brick C C long H K Work T L Joseph and K C McCutcheon 
Standees include E O Kirkendall Evan Just, M Gensamer, W A Dean, D S_ Eppel 
sheimer. O C. Ralston, and T D Jones 


Institute of Metals 
Di officers pour 
wer details of the 
post year and plan 
for 1952 At this 
business session, W 
A Dean took over 
the charmanship of 
the division held by 
RM Brick 
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, warty for Johnson. Jr. Award to William R th 
patents t entior R te W Raymond 
t nufacture ou M Award to Dor A. Dahl 
t t failure The A » to Everette De Golye 
Four priz est hearty handshakes and cor tu 
the winne f the Tent f ed unt 9 
4 Elect t St fect Ker 1) na } the Iron & Steel 
jue ct R Ge ere heid ! 
Made e. Je Peirce perf ctals, propertie 
Maths » Mi ( G | na 
thuwe ert ‘ powder 
e Sou Dunn, F. Lionetti, F. W. Dat ng, cor tional Ciagrams, 
Me 
Py 
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<i, ° 
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4 
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President Pewce presents a check to student oward 
winner Charles Raimesak while winners W E Bond 
and John Radevich look on 


D 
WAAIM 


the Welcoming 


rthy before introducing 


R Medina, who spoke on 


JOURNAL 


ene, 4 : 
mith pr fed 
» of the 
Progr 
‘ at the I) the t 
t et ‘ WAAIMI t. pre 
pacity here. The tt \ Meet f the 
‘ eX \ux 
e that M R D 
true { t M ‘ M N 
‘ Applet Int 
I t f AIME 
: ip] 
two groups was under 
| M Pp 
Ww MG Perce ot 2 
Administration of Justice 
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Wilhom Shockley 
center, receives the 
IMD Lecture scroll 
trom R Brick as 
AIME President 
Peirce looks on 


Over 1700 persons 
appled for tickets 
to the Annual Ban 
quet and President's 
Reception held at the 
Waldort Astoria Ho 
tel Institute awards 
were presented by 
W McG Peirce, and 
M L. Harder took 
office as AIME 
President for 1952 


The panel of experts who led the session on Training of Extractive Metallurgists Seated from left to 
right’ W Philbrook, A. Schlechten. R. Schuhmann, Jr, and B W Gonser Standing R R 
McNaughton, B M. Larsen, J C Kinnear, Jr, and CC. Long 
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at the head table at the Metals Branch dinner are O C Ralston, John D Sullivan, C C Long 
AIME President Pewce and R M Brick 


C H Mathewson on 
the left. chots with 
Mathewson Award 
winners C G Dunn 
F w Daniels F 
Lionetti and M_ Bol 
ton Presentation was 
made at the tormal 
banquet 


Memorial Lecturer chats with incoming President M L Haider left ond T L Joseph 


and Stee! night. prior te delwermg his lecture 


~ 
seated 
tiring 
> 
— 
‘ 
‘ 
Mowe 
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-.- OFFERS A 
COMPLETE LINE OF 
EQUIPMENT FOR THE 


‘Metallurgical Laboratory 


Buehler specimen preparation equip- 


ment is designed especially tor the metallurgist, and , 
is built with a high degree of precision and accuracy 2 
for the fast production of the finest quality of metal- 
lurgical specimens 
1. No. 1315 Press for the rapid moulding of specimen : 
mounts, either bakelme or transparent plastic. Heating ele 4 
ment can be raised and cooling blocks swung into position - 
without releasing pressure on the mold 7 
2. No. 1211 Wet power grinder with 3 4” hp. ball bearing a 
motor totally enclosed. Has two 12° wheels mounted on Beg 


metal plates for coarse and medium grinding 


3. No. 1000 Cut-off machine is a heavy duty cutter for stock 
up to 3-1 2°. Powered with a 3 hp. totally enclosed motor 
with cut-off wheel, 12° x 3 32> x I-l 4 

4. 1505-2AB Low Speed Polisher complete with 8° balanced 
bronze polishing disc. Mounted to | 4 hp. ball bearing, two 
speed motor, with right angle gear reduction for 161 and 246 
R.P_M. spindle speeds 

5. No. 1700 New Buehler-Waisman Electro Polisher pro 
duces scratch-free specimens in a fraction of the me usually 
required for polishing. Speed with dependable results 1s ob 
tained with both ferrous and non-ferrous samples. Simple to 
operate—does not require an expert technician to produce 


good specimens. 
6. No. 1410 Hand Grinder conveniently arranged for two a 
Stage grinding with medium and fine emery paper on twin he 


grinding surfaces. A reserve supply of 150 fe. of abrasive 
paper is contained in rolls and can be quickly drawn into 
position tor use 

7. No. 1400 Emery paper disc grinder. Four grades of abra 
sive paper are provided for grinding on the four sides of 
discs, 8° in diameter. Motor | 3 hp. with two speeds, 575 and 
1150 R. PM 

8. No. 1015 Cut-off machine for table mounting with sepa 
fate unit recirculating Cooling system No. 1016. Motor | hp 
with capacity for cutting | stock 


THE BUEHLER LINE OF SPECIMEN PREPARATION EQUIPMENT 
INCLUDES CUT-OFF MACHINES @ SPECIMEN 


MOUNT PRESSES @ POWER GRINDERS @ EMERY 
PAPER GRINDERS @ HAND GRINDERS @ BELT 
SURFACERS @ MECHANICAL AND ELECTRO POLISH 
ERS @ POLISHING CLOTHS @ POLISHING ABRASIVES 
e 
A 


METALLURGICAL APPARATUS 
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Personals 
M. L. Haider, AIME Pre 
> 
John O'Shea, ret 


Ivan Sattem. 


LOUIS KOENIG 
Louis Koenig | 
SALAMANDERS 
OPEN HEARTH SLAG George A. Landry, Sandia 
A Corp. and Denald a. Quarles, vice 
Bell Teles Lat 


f Western Elects 


Chris H. Bartlett, 
Westinghouse Elect 


= ‘ k has t pt 

CHICAGO John S. Ewing hs t 

CONnCR Co, Pittsburgh. 
e Steel C Pitt 


Steven J. Hardie | 


W. Frank mony 


12233 Avenue O Chicago 33, Illinois 


ndrie 
Div., Ame 
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5 President. ha 
5, eon of 
Mr. H ler had 
I erial Oil 
nee 
‘ flicer ar 
Ir ind 
i ite 
West Point 
a pecialists to the staff of the Reming 
pee ton Rand Laboratory for Advanced 
:@ Research, South Norwalk, Cont 
: 4 - William B. MacPhee was in New York 
recently before le ng for Ecuador 4 
here he etallurgist 
plant iperintendent f the Ecu 
ter t Quit 
Gout 
A 
= 
- 
/ 
/ 
a¢ 
| 
iles manager of 
Corp.'s Sharor 
Sharon, P 
nted 
ale vy. Ss 
resigned a 
: chairman of the Iron & Steel Cory 
ac if Great Brita 
been appointed 
rican Brake Shoe Ce 
2) 


Thomas FE. Lieyd | 


Charles Haxby and 8S. W. Galloway 


Oo. D. Rice, 


ace ( } been namedt nage! 


opera 


George C. Floyd, Vanadium C 
America. Ne York. | been elected 


€ the 


Harvey B. Nudelman has been ay 


Techr 

Keith E. Rumbel ha ‘ 
Atlantic Research Cory Alex 

Va 


Thur Schmidt has been appointed 
jirector of research and development 
r the Ingersoll products div., Borg 


i 
Warner Cory 


jent f maintenance for the Cor 


ter 


James B. Vetrano has been trans 
ferred from the analytical labora 
bee, BASES of many MH alloy powders 
chemical research laboratort “4 
Obituaries 
Thomas F. “Maddick (Mey 
ail Vastly improved techniques in development of alloys a 
are made possible by the use of alloy powders 
to plant foreman. 1 ears were incorporating titanium and zirconium. From these 7 
tom base powders many true alloy powders are available 
eturned to the British Metals Extra in varying percentages. Among these are chromium, 
the Unive Wak nickel, cobalt etc. Each particle or grain is a 
attending the University he be true alloy obviating the need of diffusion : 
eseal engineer for the Sa y 
& Kirk oli Sout during the sintering process. 
Mr. M t ime t the 
United State ait Write today — without obligation — 
for further technical information. ie 
TN DIT law 
Date Date of 
1952 12-24 CONGRESS STREET BEVERLY MASS. 
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tant to the president of Sale: 
Br I Pittsburgh. Mr. Lloyd 
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the Rust Engineering C 
ef engineer, Rust Fur 
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pointed a research assistant in the 
metals dept. at Armour Researct Gata 
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H. Gill has been named superin 
solidated Minir & Smelting Co 4 J 3, 


RAMTITE 
SOAKING PIT 
COVER — 


One of Many 
Still in Service 
after 3 years 

of operation 


@ test installation, the first 
of eight in one plant 
in @ regeneratve type soaking pit heating 
33.000 Ibs basic open hearth steel ingots for 
The photograph was taken before 
firing and after five months of aw drying 

The combination of Ramtite cover lining and 
Ramtte designed slab cover frames has enabled 
many plants to effect considerable savings 

both in refractories and in the elimination o 


expensive hangers ond sand seals 


RAMTITE STANDS FOR PROGRESS 


'N PLASTIC AND CASTABLE 


specialization in designing and 


construction has 


Ramtite quality and reliability. 


of Ramtite’s many vears in the 


specialty business it has consider 


THE RAMTITE CO. 


REFRACTORIES 


protitably. When you are planning a job 
that has to do with refractories, remember 
that Ramtite ingenuity and engineering can 
nelp you. Unusual requirements can be met 
with new and fresh ideas that can mean 


considerable savings in time and money. 


Send for complete information on 


Ramtite products and services. 


1811 S. ROCKWEiL ST. 
CHICAGO 8, ILLINOIS 


RAMTITE 


PLASTIC AND CASTABLE REFRACTORIES 


— 
\ 
engineering of refractory I 
: caused an ever widening recognition of 
refractory - 
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— Metals Branch AIME —_ cago Corban, Frederick L. 
Michigan 
New Jersey 
r Virginia 


Washington 
‘ ‘ 


Wisconsin 
Ke ‘ H M ef tr ‘ 


Australia 


Oregon 


\labama 
cr es A ephe Canada 
\ N Dermpse Patrick F A 


( 


California ‘ F \ Aret ) j 
‘ I k Ede R.J-M ( Ke Ge ‘ 
\ 
Beck, Rict it J S--S-J England 


ELECTRIC MELTING 
FURNACE 


. as ever, the dependable furnace for the 
production of high-grade stainless, ailoy 
and rimming steels 


Removable roof of new design now avail- 
able for the larger furnaces. 


AMERICAN BRIDGE DIVISION 
UNITED STATES STEEL COMPANY , 

General Offices: 525 William Penn Place, Pittsburgh, Pa. ; i 
Contracting Offices in New York, Philadelphia, Chicago a 2 
San Francisco and other principal cities 


AMERICAN BRIDGE 
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New York 
Rudolph EB. iM 
AA te Member, S. Stu- N John «J — 
ae 4 te er Cle Peter J. iJ Rio de Jane Ant 
De M ‘ George 3S J K 
‘ 
pe 
ars 


lron ore, manganese ore, phosphates of all sizes, flotation 
concentrates and Aue dust alone or mixed, can be sintered 
regardless of moisture and carbon content. 

Sintering temperature easily regulated and maintained es 
desired, producing sinter of proper porosity and hardness, 
thus saving blest furnace fuel 

Materials sintered without fines, eliminating screening and 
rejects. 

Any available gas, oil of pulverized solid fuel may be used. 


Low power comsumption—7 to 8 kwh per ton of sinter. 


WEST STREET 
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LEWIS FOUNDRY & MACHINE 
Division of Blaw-Knox Company 


Pittsburgh, Pa. 


be 
>: ies 

and high carbon st 12” wid rauges 118 
a mi! i i Wid rang f maximum and 


AND ADD LIFE TO 


CRITICAL MATERIALS 


with NATIONAL 
Graphite Stool Inserts! 


Mold stools with graphite inserts stand up to the 
hot-metal impact of fast, uniform pouring... ab- 
solutely eliminate the bottleneck of stool-sticker 
slow-ups. Ingot cars move evenly... you get greater 
man-hour productivity and, incidentally, much 
longer life from essential materials and equipment. 
Write to National Carbon Company for information. 


The term “National” is a regutered trade-mark 
Carbide and Carbon Corporation 


NATIONAL CARBON COMPANY 
A Division of Union Carbide and Carbon Corporation 
30 East 42nd Street, New York 17, N.Y. 


Destract Sales Offices Atlanta, Chicago, Dallas, Kansas City, 
New York, Pittsburgh, San Francisco 


In (Canada National Carbon Limited, Montreal, Toronto, Winnipeg 


